TRANSACTIONS OF THE 


INSTITUTE OF 
WELDING 





TRANSACTIONS OF THE INSTITUTE OF WELDING February, 1952 


STRONG, 
COMPACT, 
RELIABLE UNITS, 
SCIENTIFICALLY 
DESIGNED 


Single Operator 


Welding Sets 


Send for Booklet P9556 


THE GENERAL ELECTRIC CO., LTO.. MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Babcock & Wilcox Lid. have 
supplied steam raising plant and 
special fusion - welded pressure 
vessels for the new refineries of 
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Typical of such equipment is 

this huge steel tower 170 feet 

high and weighing 240 tons. 

shown during erection at the 

Shell refinery, Stanlow. Above 

is a Babcock Integral Furnace 

boiler, typical of the seven 

steam raising units supplied by 

fe Babeock & Wilcox Ltd. to the 

% refineries at Stanlow and 
Shell Haven. 


IAVITM LL Gre) ee 
avn. OC] Hoot s| PARR | ( 


~ ) | } 
+7 ) | . | it 





TRANSACTIONS OF THE INSTITUTE OF WELDING 


"ENGLISH ELECTRIC 


welding accessories 


removable socket. 


A 300 amp. fixed plug. 


A 300 amp. removable plug A 6-way 300 amp. distribution box. 


PLUGS AND SOCKETS 


‘ENGLISH ELectric’ have developed a range of 
welding accessories, including plugs, sockets 
and distribution boxes built to BS. 1071, 
1943 for use with standard welding plant. 
Now available from stock is a range of 300 


amp. plugs and sockets covered with tough 


rubber sleeves, ideal for outdoor conditions 
where rough usage can be expected. The 
distribution boxes, each at 300 amps, are 
made for 2, 3 and 6 operators. 

A representative selection of these new 


welding accessories is illustrated. 


The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Welding Department, East Lancashire Road, Liverpool, 10 


STAFFORD PRESTON 


UGBY * BRADFORD © LIVERPOOL 
} 
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Whether it be for bridges 
and other structures, 
for storage tanks, gas- 
holders, or for Class | 
pressure vessels and 
boiler drums, welded 
construction has ‘‘come 
to stay,’’ on account of 
its economy of material, 
tightness of joints, and 
the neat sound job which 
welding makes. 


Appleby Steel Plates have 
excellent physical properties, 
are ductile, flat, well-sheared, 
and will be found highly 
suitable to all forms of welded 
construction in which plates 
are used. 
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iT IS FUSARC-PLANNED 
EQUIPMENT which ma 
mechanised welding 

so productive - - 


Take, for instance, 
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FABRICATING FRAMES and BEDPLATES 


In the knowledge that frameworks and bedplates are 
likely to take all manner of shapes and sizes, Fusarc 
planned this installation of the portal type for easily 
placing the Welding Head in whatever position it is 
required. 


In this equipment, the Fusarc Automatic Head will 
traverse the work, or the entire supporting beam will 
move along the line of the job, both at high speed for 
quick positioning or at controlled welding speeds. 


Furthermore, the Welding Head nozzle can be adjusted 


for height. This is, indeed, a most versatile class of 
installation, ideally suited for welding shops with a 
variable run of work. 


Interesting and factual Fusarc Mechanised Welding 
Production News Sheets are published at frequent 
intervals. They cover an extensive field of production 
welding for all industries, and welding engineers are 
cordially invited to send in their names for inclusion on 
the free mailing list. 


FUSARC 


MECHANISED WELDING 


Comprehensive literature is available from FUSARC_LIMiTED, Dept. 872, Team Valley, Gateshead-on-Tyne, |! 
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It’s better and quicker ihe 


...andchea per to WELD peers penn 


two sizes jOO amperes or 


400 amperes maximum, 
In many workshops, too much time is spent drilling, 
riveting and tapping as a means of joining metal struc- 
tures. The modern production shop saves time and 
lowers its overall costs by welding with M-V equipment. 
Metropolitan-Vickers make many types of welding plant 
and, in addition, are themselves one of the biggest users 
of welding equipment. For expert opinion on welding 
plant or practice, consult Metrovick, the makers who 


use the plant they sell. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, TRAFFORD PARK, MANCHESTER, 17. 


Mem’er of the A ET. group of companies 


EE NOLS D Equipment for More Efficient Welding 





Basic 
Electrodes 


best at all 
temperatures 


OK UNITRODE BASIC COATED ELEC- 


temperatures, 


OK TENSITRODE 44—with its 
<a o higher manganese content—speci- 
ally suitable for use under low tempera- 
ture conditions, the Izod Impact Value 
being 40/45 ft. lbs. at 80 deg. C. below 
zero, and for the higher tensile low 
alloy steels, including Ducol and Coltuf. 


@ 0k TENSITRODE 55—with its 

addition of chrome and molybde- 
num, ideal for use in connection with 
pipe work and high temperature boilers, 
power house installations, etc. The 
creep limit being: at 450 deg. C. 
16 tons per sq. in., and at 500 deg. C. 
10 tons per square inch. 


1). OK TENSITRODE 44 


OK TENSITRODE 00—with its 

additions of chrome and molybde- 
num, primarily intended for use in the 
welding of aircraft steels. 


© ok TENSITRODE 65—the de- 
posit contains an increased percea- 
tage of chrome and eye and en 
specifically designed for welding hi 
3) OK TENSITRODE 60 es ~ semen dl oil 
cracking plant. 


MANUFACTURED BY: 


WELDING SUPPLIES L1®. sear cuumen xe 


Gra 
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INSTITUTE NOTES AND NEWS 


Death of King George VI.—By direction of the President, a 
message of condolence was sent to Her Majesty the Queen in the 
name of the members of the Institute. 


Letters offering the sympathy of the Belgian and French Insti- 
tutes of Welding to their British friends were received at the 
Institute. 


Sir William J. Larke Medal, 1951.—The Council of the Institute 
has conferred the Sir William J. Larke Medal for 1951 on Mr. W. 5. 
Atkins, B.Sc., M.1.C.E., M.Inst.W., for his paper “Continuous 
Welded Structures—Abbey Works, Port Talbot.” 


The paper was published in the Transactions for April, 1951. 
The examiners for the Medal highly commended the papers of 


Mr. J. Latimer on “Automatic Welding” and of Mr. A. R. Moss 
on “The Welding of Cast Iron.” 


Sir William J. Larke Medal Regulations.—The Council of the 
Institute has decided that in and after 1952 competition for the 


FRONT COVER ILLUSTRATION.—Produced with the 
co-operation of leading Clyde Shipbuilders and “tailored” on 
the job, B.O.C Plate Edge Preparation Machines are now 
making immense savings in time. They size and cut bevels and 
nose in one operation, and on all four edges at once. The 
Multifloat Attachment provides for flexibility of treatment— 
cutting, for instance, double bevel curves on one or more edges 
while straight cuts are in progress on the others. Despite this 
increase in processing speed, no subsequent machining is 
required. For further details write to:— 


THE BRITISH OXYGEN COMPANY LTD. 
LONDON AND BRANCHES 


Sir William J. Larke Medal shall not be restricted to members 
of the Institute. All papers read to the Institute during the previous 
session are considered, as well as papers presented to the Branches 
and selected by the Branch Committees for submission to tho 
examiners. It is also open to any member to submit a paper which 
has not been read to the Institute or one of its Branches, provided 
that it is in accordance with the regulations, which were printed 
in our last issue and are available from the Secretary. Papers 
to be considered must be submitted by 30 April next. 


Associate-Membership Examination.—An examination for 
Associate-Membership of the Institute will be held on 8, 9 and 
10 July next. Entries should reach the Secretary of the Institute 
by | May at latest. 


Offers of Papers.—Members of the Institute who are willing to 
read papers at meetings of the Institute or of its Branches are 
invited to send particulars to the Secretary for submission to the 
Programme and Journal Committee, not later than 15 June next. 
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Where the complete text of the paper is not available, a short 
synopsis should be sent 


Welding in Tunnelling... paper entitled “Welding in Connexion 
with various Tunnelling Works” will be presented by Mr. E. R 
Bidder, A.M.inst.W., at a meeting of the Institute to be held on 
Wednesday, 26 March next, at 6 p.m., at the Institution of Civil 
Engineers 


Spring Meeting. The programme of the Spring Meeting of the 
Institute to be held at Glasgow from 24 to 26 April next is set 


out below. Reservation forms will be circulated to all members 
at the beginning of March 


Thursday, 24 
Morning 


iprilWorks visits for a party limited to 25 
Pressed Steel Co. Ltd., Linwood Factory, 
Paisley ; 


Afternoon Colvilles Ltd., Rutherglen 


Friday, 25 


Morning 


April 
Presentation and Discussion of the following 
Papers: “High Speed Wind Tunnel Con- 
struction,” by John S. Bell, and “Some 
Changes in the Shipyard with particular 
reference to Oil Tanker Construction,” by 
John Ranme 


Afternoon Choe of works visits: (1) to Sir William 


Arrol & Co. Ltd; er (2) to John Brown & 


Co. Ltd.; or (3) to Harland & Wolff Ltd 
Evening Dinner at The Rhul, 123, Sauchiehall Street 


Ladies’ Expedition Whole day sailing trip on the Clyde 


Saturday, 26 


Morning 


April 
Presentation and discussion of the following 
papers: “Light Weight Welded Construc- 

tion in Mechanical Engineering Structures” 

by F. Koenigsberger, and “Fabrication by 
Welding for the Hydro Electric Schemes,” 

by J. Crawford 


. 


Branch Officers’ Conference... The annual conference of Branch 
Officers will be held at the Institution of Engineers and Shipbuilders 
of Scotland, Glasgow, on the afternoon and evening of Saturday, 
26 April next, following on the Spring Meeting of the Institute 


Ashorne Hill Summer School of Welding. The British Welding 
Research Association announces that its second Summer School 
will be held at Ashorne Hill from 16 to 25 July next. The School 
will be arranged to make better provision for the different 
qualifications and interests of those concerned with welding and 
will be divided into two parts. The first part, from 16 to 20 July, 
will be for those interested in the practical aspects of welding 
and the second, from 20 to 25 July, for those concerned with 
design, inspection and manufacturing problems. The second part 
will be organised in four separate groups, running concurrently, 
the basis of division being by subjects, as follows: 

Group A 
Group B 
Group ¢ 
Group D 


Metallurgy and Physics of Welding, 

Testing and Inspection, 

Design for Welding by Analysis and Experiment, 
General Welding Information 


B.E.A.M.A. Dinner.After an interval of fourteen years the 
British Electrical and Allied Manufacturers’ Association held a 
dinner at Grosvenor House, on 24 January last, the President, 
Sir George Nelson, being in the Chair. There were more than 
1,200 guests at this splendid function, which was honoured with 
the presence of the Secretary of State for Air and the President 
of the Board of Trade, as also by the Portuguese Ambassador, 
the High Commissioner for the Dominion of Pakistan and 
many other distinguished guests. The toast of the Guests was 
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proposed by Mr. T. F. Lister, Chairman of the Council, and the 
response was made by Lord Radcliffe of Werneth. Professor 
E. N. da C. Andrade proposed the toast of the Electrical Industry, 
to which the Chairman responded. The toast of the President was 
proposed by Sir Harry Railing 


Dr. Nicol Gross.—Dr. Nicol Gross relinquished the post of 
Deputy Director of the British Welding Research Association 
at the end of January, to take up an appointment with the Montagu 
Bank to advise on further industrial development in South Africa 
The good wishes of the many friends whom Dr. Gross has made 
in welding circles during his time with the B.W.R.A. will go with 
him 


Mr. David Impey.-.Mr. David Impey, who is the Honorary 


Treasurer of the Birmingham Branch of the Institute, has been 
appointed to the Board of Kalamazoo Ltd., from 1 February, 1952 


LA.B.S.E. Congress..The International Association of Bridge 
and Structural Engineers is holding a Congress in Cambridge 
and London from 25 August to 5 September next. The Secretary 
to the Organising Committee in this country is Dr. F. G. Thomas 
Enquiries should be addressed to him, care of the Institution of 
Structural Engineers, 11, Upper Belgrave Street, London, S.W.1 


International Machine Tool Exhibition...The Machine Tool 
Trades Association of Great Britain announces an International 
Machine Too! Exhibition to be held at Olympia from 17 September 
to 4 October next. An advance guide to the products made and 
distributed by the firms exhibiting at the Exhibition has been 
issued with a foreword by Mr. Robert W. Asquith, M.I.Prod.E., 
the President of the Association and Chairman of the Exhibition 


Notch Bar Testing Symposium...The papers and discussion, 
together with the written contributions to the Symposium on 
Recent Developments in Notch Bar Testing and their Relation to 
Welded Construction are now being prepared for publication as 
a book. The price will be announced later 


Handbook for Welded Structural Steelwork.—A new edition of 
this Handbook will be produced in the course of the next few 
years. The Structural Welding Sub-Committee, which has charge 
of the work, would welcome suggestions from readers as to 
changes, improvements and additions which might be introduced 
in the new edition. Readers are invited to send such suggestions 
to the Secretary, The Institute of Welding, 2, Buckingham Palace 
Gardens, London, S.W.1. 


In the meantime, copies of the fourth revised edition are still 
available, price 10s. per copy, post free. This edition incorporates 
a number of important corrections to the formulae on pages 111-118 
of the fourth edition. Members who have the original fourth 
edition are invited to apply to the Secretary for copies of the 
corrected pages, which will be supplied post free 


List of Welding Films.—A list of films on welding and allied 
processes has been compiled in the library of the Institute and is 
available to members, price Is. 6d. (to non-members 2s. 6d.). 
The list contains the exhibition details and brief synopses of 73 
films, which are classified under 13 subject headings. A simple 
reference system enables one to find the name and address of the 
suppliers of each film. The list should be very useful to teachers 
of welding wishing to find appropriate films on any given aspect 
of the subject 


Binding of Transactions.— Arrangements have been made for the 
binding of members’ volumes of Transactions in black embossed 
ieathercloth at a cost of 10s. 6d. each, plus Is. for postage and 
packing. Members wishing to take advantage of this arrangement 
should forward parts, with index, to Mansell (Bookbinders) Ltd., 
31, Cursitor Street, Chancery Lane, London, E.C.4. 
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OBITUARY 
MR. A. RAMSAY MOON 


It is with deep regret that we announce the death of Ramsay 
Moon, formerly Secretary of the Institute and later Director of 
the British Welding Research Association. He died of heart 


failure on 16 December, 1951, while on the voyage from Australia 
to England, and was buried at sea. The great part which he played 
in the British Welding industry, and the effect of his personality 


and his certainty of the great advantages to be gained by the use 
of welding processes on the development of engineering structures, 
have given him a high place in our industrial history 


Allan Ramsay Moon was born on 28 September, 1898, in 
Melbourne. He served with the Australian Forces during the 
whole of the First World War, and on returning to Australia, 
entered Melbourne University, where he graduated with the 
degrees of Bachelor of Arts and Bachelor of Civil Engineering. 
He interested himself in the application of welding to steel 
structures at an early date, and in 1925 entered the service of 
Messrs. Robert Bryce & Co. Ltd., of Melbourne, who were at 
that time the selling agents for the Quasi-Arc Co. Ltd. He became 
echnical adviser and representative on welding problems to 
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Robert Brycs and the Australian Quasi-Arc Co. In 1929 he joined 
the E.M.P. Electric Co. (Pty.) Lid., and was responsible for drafting 
the first Australian Standard Specification on Metal Arc Welding. 


He came to England in 1931 as a representative of the E.M.F 
Electric Co. (Pty.) Ltd. to establish a business in the manufacture 
of welding electrodes and equipment. This venture was not 
successful, and in August, 1933, he joined Murex Welding 
Processes Ltd. as their design engineer. At this time the principles 
of the design of rigid structures and the properties of welded joints 


were scarcely understood, and the burden of providing the necessary 
knowledge fell largely on the electrode manufacturers. It is not 
surprising that, in these circumstances, Moon, as a representative 
of one of the principal companies and as a knowledgeable enthusiast 
for the process, rapidly became known as a capable engineer in 
this special branch, and many novel structures, some involving 
considerable weights of steel, were erected with his help and 
co-operation. 


In February, 1937, he left the company to become Secretary of 
The Institute of Welding, then a comparatively new body. Here 
his passion for investigation and research was soon felt, and 
when the Welding Research Council was formed soon after, he 
became Director of Research in addition to his ordinary duties. 
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In 1943 he relinquished the Secretaryship of the Institute, remaining 
Director of Research to the Council, and in 1946, when this body 
was split off from the Institute to become the British Welding 
Research Association, he became the first Director. 


At the commencement of the war he was instrumental, under 
the guidance of Dr. Gough, Controller-General of Research and 
Development to the Ministry of Supply, in forming the Advisory 
Service on Welding, of which body he later became Director 
The Advisory Service, as is well known, employed a number of 
experts in the various branches of welding, and «# was their duty 
to give help and advice to firms employing welding for the war 
effort 


In 1942, again with the help of Dr. Gough, he established the 
famous training school at Portobello, near Edinburgh. This 
school, designed to give drawing office and works personne! a 
short practical and theoretical traming in welding, was a great 
success, and hundreds of the people who attended have grateful 
memories of the time spent there 


During his period of office as Director of the British Welding 
Research Association, Moon advocated a scheme of expansion 
which culminated in the purchase and equipment of the Research 
Station at Abington, near Cambridge, which at the time was 
regarded by many as much too ambitious for a small Research 
Association of limited means. To-day, as one of the best equipped 
experimental stations of its kind in the country, it stands, a 
memorial to his foresight and perseverance. 


Moon left the service of the Welding Research Association in 
September, 1947, to establish a business as a Consulting Engineer 
in Canada, but apparently finding the strain too heavy for him, 
returned to Australia carly in 1950. It was on a voyage from here 
to England that he came to his untimely end. 


During his time in England he published numerous articles in 
the technical journals, and his book, The Design of Welded Steel 
Structures, published by Pitman in 1939, was rewritten and pub- 
lished again in 1948 


He was a member of the Institute of Engineers of Australia, 
and a member of the Institution of Structural Engineers of Great 


Britain 
J. H. Paterson. 


SIR AMOS L. AYRE, K.B.E. 


AN APPRECIATION 


Few of the leading figures in the shipbuilding industry did more 
for the advancement of welding in ship construction than Sir Amos 
Lowery Ayre 


Best known as Chairman of the Shipbuilding Conference, which 
office he held from the inception of that body in 1936 until his 
death in January this year, Sir Amos was equally distinguished as 
an outstanding naval architect, a practical shipbuilder and per- 
haps the greatest authority of his generation on the economics 
of that complex industry 


To members of the Institute Sir Amos was best known for the 
active part he took during the war at the Admiralty as Director 
of Merchant Shipbuilding in expanding the use of the welding 
processes throughout the shipyards of this country in mercantile 
construction. He also played a big part in the developments that 
resulted in using American and Canadian shipbuilding capacity 
for the merchant shipping requirements of the allied powers. He 
in fact, everyone will agree, was one of the leading architects in 
winning the battle of the Atlantic, in the designing and building 
of the much-needed ships 


Sir Amos took a keen interest in the work of the Institute of 
Welding, and I can say, from close association with him during 
the war, that he was behind many valuable contributions made 
by the Institute in spreading knowledge of the welding technique. 


Before he became Chairman of the Shipbuilding Conference, 
Sir Amos was joint managing director with his brother, Sir Wilfrid, 
of The Burntisland Shipbuilding Co., which they founded shortly 
after the first World War. They quickly became distinguished as 
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scientific shipbuilders and with his keen interest in research Sir 
Amos was always among the first to pay attention to new ideas 
and developments. 

His death at the age of sixty-six is a loss not only to the ship- 
building industry of this country, but to many shipbuilders abroad, 
and to all who realise that the future prosperity of British industry 
depends on the closest alliance with research and applied science 
and international co-operation. He devoted his life to these 
objectives 

D. S. Warr. 


We regret also to record the death of Mr. J. Galloway, Member, 
West of Scotland Branch; of Mr. A. G. Walker, Member, one of 
the founders of the Liverpool Branch; and of Mr. J. M. Baxter, 
Chief Mechanical Engineer at the Dalmarnock Works of Sir 
William Arrol & Co. Ltd., a Member in the West of Scotland 
Branch. 


BOOK REVIEW 


The Welding of Non-Ferrous Metals. E. G. West, Ph.D., B.Sc., 
F.1.M., F.R.S.A. With a Foreword by Leslie Aitchison. 

_~ Chapman & Hall, 1951, pp. xi, 553, illus., 8vo. 55s. 

Only too often, welding text books (and, in the strict sense of 
the term, there are few enough, even in the ferrous field) have 
been written on a technological level which excludes any reference 
to guiding principles, and in practice reduces them to a dreary 
catalogue of workshop equipment and technique. Dr. West has 
earned the gratitude of all those connected with the welding of 
non-ferrous metals—indeed, of the welding industry as a whole— 
by making a clean break with this tradition and presenting us 
with a work in which weldability and welding methods are related 
to the physical and metallurgical properties of the metals concerned 
in such a way as to form a coherent whole. The level of technical 
and scientific knowledge in any professional sphere is reflected 
by papers published in the appropriate journals, and—in a more 
permanent way—by its text books. This book is evidence of the 
increasing degree to which fundamental knowledge is being applied 
in the practice of welding. As Dr. Aitchison points out, in his 
admirable foreword, the days when the quality of a weld depended 
on the skill and integrity of the operator are passing, and in like 
degree the responsibilities of the metallurgist and welding engineer 
are increasing. Indeed, it may not be too long—particularly in the 
ne 1-ferrous field—before welding ceases to be largely an individual 
craft and becomes, if not an applied science, at least a branch of 
the higher technology. 

I: is the author's intention that this book should appeal to 
the “welding engineer, welding operator, welding instructor and 
trainee, on the one hand, and the designer, works engineer and 
metallurgist on the other.”’ To say the least of it, this is an ambitious 
aim, and there are some, notably the welding technician entering 
the field for the first time, who will derive more benefit from it 
than others. None the less, a very nice balance between the 
theoretical and the practical has been achieved, and although 
considerable emphasis has been given to the metallurgical 
principles involved, this has not been at the expense of describing 
these practical methods which are often all-important for the 
success of non-ferrous welding. The chapters on individual metals 
(aluminium, magnesium, copper, nickel and their alloys, forming 
the bulk of the work) are subdivided logically into sections, so 
that it is easy to refer to data on any particular matter, and there 
is a properly critical approach to the various welding processes; 
the fault of describing a welding method without indicating its 
relative difficulty and particular limitations—so noticeable, for 
example, in the non-ferrous section of the American Welding 
Handbook—is avoided. Copious references to original papers 
are given throughout the text, and the metallurgist in particular 
will find this bibliography of great value. 

The weakness of this book lies in the relatively inadequate 
treatment of the physical, as opposed to the metallurgical aspect 
of welding. The author has made an attempt, in the first two 
chapters particularly, to overcome this defect, but it is abundantly 
clear that the published information on such matters as heat flow 


(Continued on page 18) 
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NOTES FROM THE BRANCHES 


NOTES FROM THE BRANCHES 


Eastern Counties Branch..-The Eastern Counties Branch has 
held six meetings this session up to the end of 1951, two each at 
Norwich and Colchester and one each at Ipswich and Cambridge. 


The first Norwich meeting was on 4 October, when about 34 
members and visitors heard a very interesting series of talks by 
four of the members of the Welding Productivity Team on their 
visit to the United States, the speakers being Dr. Taylor, the 
Team leader, Mr. J. Edwards, Mr. Sutherst and Mr. S. M. Reisser. 


Dr. Taylor gave a brief outline of the objects of the Team, 
and then described the types of firms they visited and some of the 
resistance welding that they saw. Mr. Edwards dealt with the 
various types of welding equipment seen, such as the inert gas 
process and the submerged arc. Mr. Sutherst spoke of the way in 
which the Americans carried out their inspection and of the 
equipment in use there. He also spoke of welding as the Team 
saw it applied to shipbuilding. Mr. Reisser told the meeting of the 
mechanical handling aids for material both in the stockyards and 
in the shops and of the methods of storage of materials. 


In proposing a vote of thanks, Mr. McGregor said that it was 
one of the most successful meetings held in Norwich, both in the 
way the Team had given their lectures and the efficient way in 
which they had answered the many questions. 


The next evening the Colchester members of the Branch heard 
Mr. J. Edwards on the Productivity Team's visit to the U.S.A., 


covering as far as possible the same ground as the Team had 
done at Norwich. 


A Giant Dragline.—At the first Ipswich meeting on | November 
about forty-eight members and visitors were present to hear their 
last year’s Chairman, Mr. C. McL. Cameron, M.1.Mech.E., give 
a paper entitled “The World’s Largest Walking Dragline and the 
Influence of Welding in its Design and Construction.” He explained 
the reasons why this gigantic machine came to be built and then 
described, with the aid of a film strip, the many varied parts and 
the difficulties which had to be faced in designing and fabricating it. 


Slides showed the components being fabricated and welded at 
works and the erection of the machine on the site at Corby. 
Mr. Cameron described the novel all-welded, all-tubular jib, far 
longer than any other dragline boom in the world, and said that 
this and the tubular “A” frame were in themselves sufficient 
material for a separate paper, which he believed was being 
prepared for presentation. The manner in which the machine 
walks on its two massive feet was demonstrated by a 1/48th scale 
model. The paper was repeated at Norwich on 6 December. 


On 21 November the Cambridge members of the branch had a 
very interesting lecture from Mr. Colin Spencer on “Architectural 
Metalwork, Agricultural Implements and Production Welding,” 
twenty-eight members and visitors being present. The lecture was 
well illustrated with slides of gates, railings, internal metal work 
for buildings, including churches, mass production of weldments, 
agricultural implements and railway and communication equip- 
ments. Mr. Spencer ably dealt with the varied questions after his 
talk. Mr. F. Keating proposed a vote of thanks. 


The second Colchester meeting was held on 7 December when 
Mr. S. H. Griffiths gave a paper entitled “Class I Fusion Welded 
Pressure Vessels.” Mr. Griffiths spoke of the various types of 
steels in use for manufacturing these vessels, the preparation of 
the plate, the various welding processes and methods of inspection, 
and described some American as well as British methods. 


Liverpool Branch.—A meeting of the Branch on 15 January was 
extremely well attended, when Dr. H. G. Taylor and four other 
members of the Welding Productivity Team formed a brains trust 
to answer questions upon the published report of the Team. The 
Chair was taken by Mr. T. Williams President of the 
Institute, Mr. Howard J. Thompson, Question Master. 
Other members of the Team present, besides Dr. Taylor, were 


Mr. E. F. Newell, Mr. H. E. Poole, Mr. H. L. Sutherst and Mr 
G. A. Lockley. The meeting was divided into two roughly equal 
parts, in the first part the Team answered questions which had 
previously been submitted to them in writing, while in the second 
the answers were unpremeditated. A vote of thanks to the Question 
Master and the Brains Trust was proposed by the Secretary of the 
Institute, Mr. G. Parsloe, and seconded by the President of the 
Liverpool Branch, Mr. R. R. Butler. 


Preston Branch.-—An audience of over fifty persons gathered at 
the meeting on 16th January last, when Mr. W. Hart, the Chairman, 
presided over a Brains Trust. The panel was composed of Mr. E 
Fuchs, Mr. J. R. Ferguson, Mr. R. Bushell and Mr. G. Chadwick 
The questions ranged over a wide field, covering all the principal 
welding processes and a feature of the meeting was the number 
of members of the audience who contributed additional information 
after the members of the panel had replied, making a very lively 
and interesting discussion. The meeting was attended by the 
Secretary of the Institute, Mr. Parsloe, who moved the vote of 
thanks to the panel. 


Branch Dinners.——Several of the Branches of the Institute have 
been holding their annual dinners lately. The first of the series 
was that of the Birmingham Branch, held at the Grand Hotel, 
Birmingham, on 6 December, with Mr. R. J. Fowler, Chairman 
of the Branch, presiding, and the Lord Mayor of Birmingham, 
Alderman R. C. Yates, as principal guest. The toast of the City 
of Birmingham was proposed by Captain A. M. Holbein, C.B.E., 
Chairman of the Technology Committee and Chairman of the Exam- 
inations Board of City and Guilds of London Institute, and the 
emphasis throughout the speeches was on the importance of techno- 
logical education and the place which welding should hold in it. 
The toast of the Institute and the Birmingham Branch was proposed 
by the Chief Education Officer of Birmingham, Mr. E. L. Russell, 
and the response was by the President, Mr. Howard Thompson 
As on previous occasions the attendance was in the neighbourhood 
of 250. 


The ninth annual dinner of the Leeds and District Branch was 
held at the Guildford Hotel, Leeds, on 17 January, with Mr. W. 
Swan, Chairman of the Branch, in the Chair, and the Lord Mayor 
of Leeds, Lt. Colonel F. Eric Tetley, D.S.O., T.D., as the guest 
of honour. The toast of the City of Leeds was proposed by 
Mr. A. S. Rymer, O.B.E., J.P., who made an amusing comparison 
of the history and present attractions of Leeds and his native city, 
York. The Lord Mayor's reply gave visitors from other counties 
the entertaining opportunity of following an exchange of compli- 
ments (7) between Yorkshiremen. Dr. W. E. Scott, M.B.E., 
Principal of the Huddersfield Technical College, proposed the 
toast of the Institute, to which the President, Mr. Howard 
Thompson, replied. Other speakers were Mr. A. Robert Jenkins, 
Mr. A. J. Butterfield, Mr. K. K. Doherty and the Chairman. The 
attendance was in the neighbourhood of 200 and the occasion 
fully maintained the reputation of this annual function for high 
spirits and good comradeship. 


The Sheffield Branch dinner was held at the Royal Victoria 
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and Mr. F. H. Weston of the Engineering Department of the 
same college, the Chairman of the Leeds Branch of the Institute, 
Mr. W. Swan, and Dr. H. G. Taylor 


Mr. C. Stephenson, M.C., was the Chairman at the annual 
dinner of the Tyneside Branch, held in the Old Assembly Rooms, 
Newcastle, «xn 8 December last. The Tyneside Bram h always gives 


Tyneside Branch Dinner. The Granch Chairman, Mr. C. 


M.C., speaking. On his right: Mr. Howard J. Thompson and Mr. D. G. 
Sinfield; on his left: Mr. T. $. Nicol. 


a specially friendly and informal air to its annual dinner and this 
was a noticeable feature on this occasion, when the toast of the 
Institute was proposed by the Chairman and answered by 
Mr. Howard Thompson, President, the only other speech being 
by Mr. Jackson, of the Tees-side Branch, who proposed the 
health of Mr. Stephenson. There was a very enjoyable musical 
entertainment following the speeches 


Wolverhampton. At the meeting on 21 November, 1951, about 
eighty-five members and visitors assembled to hear Mr. W. S 
Atkins, B.Sc., M.LC.E., deliver his paper, “Continuous Welded 
Abbey Works, Port Talbot.” This paper was given 
to the Institute in the previous session and printed in Transactions 
for April 1951 


Structures 


The speaker at the meeting of 12 December was Mr. Edwin 
Davis, M.Sc., F.1.M., and his subject “Some Metallurgical Aspects 
of the Welding of Non-Ferrous Metals.” This meeting was also 
very well attended 


The paper opened with a comparison of the physical properties 
of mild steel and non-ferrous metals, ¢.g. specific heat, melting 
point, latent heat, density, coefficient of expansion and thermal 
conductivity, and Mr. Davis explained how these various properties, 


particularly conductivity and expansion, affected the process of 
welding 


With non-ferrous metals greater stresses could occur because 
of the high rate of expansion, and more allowance had to be made 
for contraction after welding 


Aluminium called for particular notice on account of the 
difficulty of removing the tenacious oxide film, and it was essential 
that fluxes should be used when welding this metal; unfortunately 
these fluxes, mainly halides of potassium and sodium, were 
corrosive and all traces of them must be removed after completion 
of welding. Mr. Davis recommended scratch brushing to remove 
as much oxide as possible before the application of the flux. 


For aluminium bronzes the gas welding process was less satis- 
factory than arc welding, since the temperature attained was 
really not sufficient to melt the oxide 


Argon arc welding actually appeared to disrupt the oxide film 
adjacent to the plate edges, and was eminently suitable for 
aluminium and aluminium bronzes, the use of flux being eliminated 


Hot cracking of copper and aluminium alloys was also discussed 
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by the lecturer, who described the effect of hydrogen attack and 
the formation of steam which burst the grains of the matrix apart 
in extreme cases 


Mr. Davis's final reference was to pressure welding, which 
appeared to be a solution of many of the troubles encountered with 
other methods of welding non-ferrous metals. Metal cladding, 
Mr. Davis stated, was of course a common example of pressure 
welding. 


The discussion was opened by Mr. S. H. Griffiths, who enquired 
why good fillet welds were difficult to make with argon arc and 
carbon arc welding of Everdur, although butt welds were satis- 
factory. Mr. Davis replied that the stress distribution in the two 
welds was different, and that an improvement of fillet weld quality 
could be obtained by reducing the welding speed. 


In reply to a further question by Mr. Griffiths, Mr. Davis 
stated that no serious work had been done on non-ferrous metals 
“sing basic electrodes 


Mr. J. H. N. Thompson, asking if there were any relationship 
between the eutectic point of cracking and the cracking of mild 
Steel, was informed that there was so far no information on this. 


Mr. Llewellyn suggested that cracking might be due to oxygen 


At the Sheffield Branch Dinner: (left to ,. oo Cc. bn Hall; the Presi- 
hom $ 


dent of the Institute, Mr. J. Howard pson he Master Cutler, 
Mr. Geoffrey M. Fiather; and Mr. Robert Jenkins, President of the Branch 


rather than hydrogen, but Mr. Davis did not agree with this view. 


Mr. Boys asked about the difficulties of brazing magnesium 
aluminium alloys with 12 per cent. silicon alloy filler rod, and 
Mr. Davis deprecated the use of this filler rod. 


Mr. Flintham suggested that it was not always essential to 
remove aluminium fluxes after welding, but Mr. Davis advised it, 
corrosion being sometimes concealed by the flux. 


BRITISH STANDARDS 


The following British Standards have now been issued and are 
commended to readers: 

B.S. 394: 1951—Short link wrought iron chain (excluding 
pitched or calibrated chain). Price 2s. net, post free. 

B.S. Code of Practice C.P. 113.102 (1951)—Arc welded con- 
struction. The Council for Codes of Practice for Buildings. Price 
4s. net, post free. 

B.S. 1696; 1951—Short link wrought iron chain of special quality 
(excluding pitched or calibrated chain). Price 2s. net, post free. 
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INTERPRETATION OF WELD RADIOGRAPHS 


THE INTERPRETATION OF WELD RADIOGRAPHS 


* By C. Croxson, B.Sc., F.Inst.P. 


This paper, presented to the North London Branch of the Institute of Welding, is devoted entirely to the identification 
of weld defects and notes a lack of information on this important subject. The author describes how the nature of 
defects may be determined from the image, but a knowledge of the welding process and radiographic technique em- 
ployed is essential. The effect of the latter and of source of radiation on the characteristic appearance of the image is dis- 
cussed and defects associated with certain welding processes are noted. In conclusion, Mr. Croxson states that interpre- 
tation should indicate any faults in procedure and workmanship and the acceptability or otherwise of the weld 


HE importance of welding in engineering is reflected in the 

large number of papers which have been published from time 
to time on the radiographic examination of welds. No apology 
is needed for adding to this number, for the subject is well-nigh 
inexhaustible. New applications of welding, and new problems in 
welding and in the radiographic examination of welds are constantly 
arising, and the subject is an ever growing one. It is all the more 
surprising therefore to find the lack of attention paid in the 
literature to the interpretation of weld radiographs. Although 
many papers contain some reference to interpretation, there 
are very few indeed which are specifically devoted to this important 
subject (Guyot and Widemann, 1937, 1939; de Graaf, 1938). The 


(a) (b) (e) (4) 


Fig. |. Line defects in butt welded joints. 
(a) Crack in stainless stee! weld } in. thick, surface dressed. 
(b) Incomplete root penetration in stainiess stee! weld } in. thick. 
(c) Stag inctusion in mild steel weld } in. thick. Porosity also present. 
(d) a = a in stainiess steel weld } in. thick, surface dressed on one 


comprehensive collection of weld radiographs in Berthold’s Atlas 
of Non-destructive Testing (Berthold, 1938) is valuable for reference 
purposes, and sets of radiographs are available such as those, 
mainly of American origin, intended for use as acceptance standards 
in the sentencing of welds. The present paper contains a short 
account of some of the factors which have to be considered in the 
interpretation of weld radiographs, together with some examples, 
mainly of welds in steel not exceeding about ! in. in thickness and 
made by various electric arc processes. 


A radiograph will reveal the presence both of internal discon- 
tinuities in a weld and also of surface imperfections; the latter 
can usually be seen by visual inspection of the weld if all the 


* Ministry of Supply, Armament Research Establishment, Woolwich. 


surfaces are accessible. The first essential in interpreting a radio- 
graph is to know the nature of these defects and surface imperfec- 
tions, and to be able to recognise the characteristic shadows which 
they produce. As a guide to this there is the British Standard 499, 
Pt. Il, 1948, the initiation and preparation of which is largely 
due to the Industrial Radiology Group of the Institute of Physics. 
This standard is essentially a glossary of weld defects and imper- 
fections in which their radiographic appearances are described and 
illustrated. The more recent Memorandum T. 22 of the British 
Welding Research Association goes a stage further and describes 
the causes and prevention of a number of defects. Some line 
defects are shown in Fig. |, arranged so that characteristic differ- 
ences can be readily noted; the sinuous appearance of the crack, 
the sharply defined Euclidean line indicating incomplete 
penetration, the broad irregular line inclusion and the broad 
wavy band along the toe denoting undercut. 


Such information, however, is little more than an introduction to 
the subject. The detection of cracks by radiography, and the differ- 
ences in radiographic appearance corresponding to their great vari- 
ety and shape, have been discussed by the author elsewhere (Croxson 
1948"). All defects will be found to occur in various modifications 
and disguises. Line defects may be broken up into long or short 
lengths. The radiographic images may be distinct and well defined, 
they may be diffuse and scarcely visible, they may be enlarged 
or distorted, and since troubles never come singly the defects 
are usually mixed, and require to be sorted out and separately 
identified. The radiographic appearance also depends on the 
size and type of joint, on the position of the defect in the metal, 
and on factors which are inherent in the method. While it is not 
intended to digress into details of radiographic technique, its 
effect on interpretation must be discussed. Some knowledge of 
the radiographic method must therefore be assumed, and some 
practical training and experience in radiography is very advisable, 
if indeed it is not indispensable, for all who have to interpret weld 
radiographs. 


It is axiomatic that the difficulties of interpretation should not 
be added to by poor quality in the radiographs, and an important 
factor in this respect is the type of film and film-screen combination 
selected by the radiographer. This has been emphasised in a 
previous paper (Croxson, 1948") in which it was shown how the 
image details of fine cracks may be blurred almost beyond recog- 
nition by the use of salt intensifying screens. Cases may no doubt 
arise in which the radiographs are not required to be of very high 
quality, but there is an obvious fallacy in the claim that when there 
is any doubt about correct interpretation, a repeat radiograph can 
be made with a more discriminating technique. This depends on 
the type of defect, and it is very probable that the existence, for 
example, of fine cracking would not be detected when salt screens 
are used, hence the repetition of an exposure would not be called for. 


The appearance of a given defect also depends on its position 
in the metal, and on the metal thickness. As regards position, the 
image is more distinct, although not necessarily more sharply 
defined, when it is near the surface of the metal adjacent to the 
film than in other positions. This is an effect of scattered radiation 
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and is not important for the thicknesses considered in this paper. 
As regards thickness, the image of a defect becomes fainter and 
more diffuse as the metal thickness increases, even though the defect 
remains located in the most favourable position for detection 
(Fig. 2). The images of small defects gradually disappear as the 
metal thickness increases. This is sometimes claimed as an advan- 
tage for radiography, since small defects become of decreasing 


Fig. 2. The effect of metal thickness on the recording of detail. 
(a) Steaintess stee! butt weld | in. thick. Pine cracks indicated by arrows 


(b) The same weld with a | in. steel plate added to the side facing 
the X-ray tube 


The effect of the type of radiation on radiographic contrast. Butt 
weld in high tensile stee! 0.15 in. thick. Fine cracks indicated by 
arrows. 


K-rays 65 kV. 
M-rays 125 kV 
Gamma rars from iridium isotope source. 


significance in greater thicknesses, and the sentencing of a weld 
is said to be simplified when only significant defects are revealed. 
A little consideration will show that this claim is of very doubtful 
validity, since small cracks, for example, may be of significance, 
according to their number and distribution, whatever the weld 
thickness 


Then there is the dependence of the image on the kind of radiation 
used. The gamma rays from radio-isotope sources produce lighter 
and rather more diffuse shadows in the radiographs than do 
X-rays, and therefore defects tend to be underestimated, and may 
even escape detection (Fig. 3). In this illustration Fig. 3 (a) is a 
short range radiograph taken with an ordinary medium voltage 
tube, with focus-film distance of less than 6 in.; the weld was laid 
on the window of the X-ray tube head, the voltage being 65 K.V. 
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as compared with 125 K.V. in Fig. 3 (6). Careful comparison 
will often show that all the defects revealed by X-rays can be 
shown with gamma rays, but special care is always needed in the 
viewing and interpretation of gamma radiographs. 


Another factor is the changing appearance of the image with 
changing obliquity of the radiation. The image of a crack looks 
very different according as it is produced by rays at normal 
incidence, or by rays at oblique incidence. Fig. 4 shows 


30 deg. 


Fig. 4. The effect of obliquity of the X-ray beam on the recording 
cracks. Enlargements (<2) of cracked region in high tensile stee! weld 
0.15 in. thick. Displacement of X-ray tube is parallel to hence the 
images of longitudinal cracks are comparatively unaffected. 


enlargements of a portion of a radiograph of an atomic hydrogen 
weld in a-drum of high tensile steel 0.15 in. thick, and intended for 
a working pressure of nearly 2,000 Ib./sq.in. It is;very doubtful 
whether the largest transverse crack could be identified as such in 
the 20 deg. and 30 deg. views, although the longitudinal cracks are 
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still reasonably clear (some of the finer details in the radiographs 
are inevitably lost in reproduction). This change in the appearance 
of the image with changing obliquity of the radiation can be turned 
to good account in assisting interpretation, for example, in dis- 
tinguishing between a crack and a capillary pipe. The distortion 
of the image can, however, be very severe where the obliquity is 
large, and when unavoidable distortion arises this may be a limiting 


t e . X-rays normal 
Obliquity increasing leftwards to approximately 70 deg. 


factor. This is especially so in radiographs of small pipe welds where 
defects towards the ends of the part examined may become almost 
unrecognisable (Fig. 5). An additional trouble in such cases is the 
apparent “ twinning’ of small defects such as fine porosity or 
inclusions, due to the parallax of the two images, one on each 
coating of the duplitised film. This arises from the fact that the 
direction of viewing (approximately normal) of the radiograph is 
different from the direction of the rays which produced the images, 
and the latter thus become out of register 


When a second exposure with a different obliquity is necessary, 
it can be set up so that the two radiographs form a stereoscopic 


(a) 
Pig. 6. Examples of “tramiines.” 
(a) Parallel line inclusions in weided armour piate | in. thick. 


(b) Lines due to slag deposits at root of austenitic double Vee weld 

(see macro-section in Fig. 7 (a)). 

(c) Lines due to slag 
weld 


around unfused in austenitic fillec 
(see macro-section Fig. 7 (b)). 


pair, whence further information can be obtained; the depth of 
the defect in the metal can be calculated by measurement of the 
relative image displacements, or 3-dimensional viewing can be 
simulated by examining the films in a stereoscope. 


So far only the radiographic aspects have been considered, 
but it is equally important to know something about the making 
of the weld which is being examined; type and thickness of joint, 
composition of the metal, the welding process, type and gauge of 


INTERPRETATION OF WELD RADIOGRAPHS 9 


electrode, welding current and voltage, method of laying down 
runs, pre-heating and annealing. In single Vee welds it should be 
known whether the root run has been cut out and rewelded. 
Particulars of backing rings, if any, in pipe welds should be known. 
Examples could readily be quoted where correct interpretation 
had depended on a knowledge of such facts. This information is 
also required by the radiographer since it may affect his choice 
of radiographic technique. 

Some further examples of line defects are shown in Fig. 6. 
When slag is entrapped along both edges of a run of welding two 


(a) (b) 


Fig. 7. (a) Macro-section of weld showing sing deposit round bead at root 
(see radiograph, Fig. 6 (b)). 
(b) Macro-section showing unfused rod in fillet weld (see radio- 
graph, Fig. 6 (c)). 


(a) (b) (2 
Fig. 8 Some less common line defects. 
(a) Lack of side fusion, revealed Sy straight right-hand edge of siag 


deposits. 
©) calntare steal weld | la. Gick: Oueer sorters dread aan 


Shrinkage in underbead of vircumferential weld in 
ed my yy ne Ae at 


parallel line images (tramlines) are produced, separated by the 
run width (Fig. 6 (a)). If this occurs near the root of a weld with 
double Vee preparation, the tramlines are «loser together and their 
appearance varies with the presence or absence of a root face, or 
of a root gap, and with the dimensions of :o0t face and root gap. 
Mal-alignment of the plates combined with absence of root face 
can usually be diagnosed, but even when the set-up of the plates 
is correct the radiographic appearance varies considerably with 
the degree of penetration achieved in the first root run. If there is 
a wide root gap, and no root face, there may be over-penctration 
producing a bead of circular cross-section embedded in slag, 
which gives a very similar radiographic appearance (Fig. 6 (6)) 
to that of an electrode laid in the groove and welded over. In 
fact if such an electrode is well fused during the subsequent welding 
then it is almost impossible to distinguish between the two con- 
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ditions. The laying of rods in a welding groove is an undesirable 
practice which is not unknown in the workshop, but very careful 
confirmation is needed where this is suspected. Fig. 6 (c) is an 
example in armour plate, the average thickness penetrated by the 


X-rays being about 2 in. Macrosections are shown in Fig. 7 


Tramliines which do not correspond to any known internal 
defect may appear radiographs of stainless steel 
fully understood at present, 


occasionally in 


welds. The cause of these is not 


(a) (b) (c) 
Fig. ?. Anomatous imperfections in welds 
(a) Traneverse surface scratches produced by coarse grinding wheel 
(b) Splash on inner surface of circumferential weld in tank 
(c) Spatter 


although they are believed to be associated with a columnar crystal 
structure in the deposited metal. The phenomenon may be related 
to the diffraction mottle which sometimes occurs in radiographs 
of light alloy castings (Glaisher, Bettridge and Eborall, 1944) 
The tramlines are readily distinguishable from incomplete penetra- 
tion by their appearance, which is unfortunately too faint and 
diffuse to be reproduced satisfactorily 


Slag inclusions along the side of a Vee groove are sometimes 
associated with lack of sidt fusion, and this condition is revealed 
by the straightness of the outer edge of the inclusion (Fig. 8 (a)) 
Fig. 8 (+) shows how mal-alignment of the parts may be disclosed 
in pipe welds and circumferential welds if the outer surface has 
been dressed flush after welding. The thickness of the upstanding 
plate is reduced, in surface dressing, by the amount of the upstand 
and this gives rise to a dark shadow down one side of the radio- 
graph, with a sharp line of demarcation. A shrinkage groove in 
an underbead produces a line shadow as shown in Fig. 8 (c), which 
is a portion of a radiograph of a light alloy pipe weld. This shadow 
might well be interpreted as incomplete penetration but the 


Fig. 10. The effect of surface dressing on the clarity of image details. 
(a) Butt weld in stee! plates 0.2 in. thick, as welded. 


(b) The same weld after surface dressing. Note changes in the appear- 
ance of the cracks indicated by arrows 


additional broader and lighter shadow of the underbead enables 
a correct interpretation to be made. The weld has been made by 
the Argon-are process and in radiographs of such welds small light 
spots may occasionally be seen, due to specks from the tungsten 
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electrode. Incidentally these very small images often appear double 
due to the parallax of the film coatings, as already mentioned 


Another line defect, illustrated in British Standard 499, Pt. II, 
is the capillary pipe which usually arises from a lamination in the 
parent plate. The pipe runs along the side of the welding groove 
more or less parallel to the plate surface and is formed by the 
action of the welding heat on the lamination. The defect is almost 
impossible to repair, since the lamination continues to open up 
at each attempt, almost ad infinitum, fortunately the defect is not 
a common one. 


Where surface dressing has been done with a coarse wheel the 
grinding scratches may be deep enough to show in the radiograph 
(Fig. 9 (@)). Another imperfection which is readily revealed in a 
radiograph is excessive or very irregular underbead. In some 
cases the weld metal may run through the joint and splash on to 
the opposite wall of a pipe weld or circumferential seam (Fig. 9 ()) 
Another imperfection, spatter, is easily recognised by the small 
circular shadows appearing alongside the weld (Fig. 9 (c)). These 


imperfections may have significance in pointing to incorrect welding 
procedure 


Surface dressing is a much discussed question. Where the build- 
up is intended to provide a reinforcement of the weld its removal 
may not be permissible, but where its purpose is to refine the grain 
there would appear to be no objection to its removal after this 
purpose has been achieved. In doing this, any sub-surface defects 
in the reinforcement are removed and the remaining smooth surface 
results in a clearer radiograph, thus simplifying interpretation 
(Fig. 10). A further advantage is that overlap and other surface 
irregularities which would reduce the resistance to fatigue stresses 
are also removed. Overlap is not as a rule revealed by radiography, 
although it is readily detected by magnetic surface examination 


Turning now to defects of small dimensions, one of the most 
serious is intercrystalline cracking, which occurs mainly in stainless 
steel welds (Fig. 11). These cracks, being both fine and shallow, 
produce correspondingly fine images which can be easily over- 
looked. Their formation appears to be associated with a dendritic 


structure, and the mottled appearance in a radiograph indicating 


Fig. \|. Micro-cracks in an all-weld metal specimen of stainless steel } in. 
thick. The radiograph (natural size) shows the coarse grain of the 
deposited metal and a number of cracks indicated by arrows. 


a coarse grain should be regarded as a danger signal calling for 
very great care in viewing. Where such a condition in a weld 
cannot be eliminated with certainty, the safety of the finished 


structure may depend entirely on the efficiency of the radiographic 
examination 


Another defect which seems to occur mainly in high alloy steels 
and stainless steels is the small slag inclusion with fine cracks 
radiating from it (Fig. 12 (@)). The radiographic image resembles 
that of a beetle, and the defect is generally situated just below the 
metal surface (Fig. 12 (c)). This macro-print also shows the 
potential cleavage plane through the throat arising from the 
junction of differently oriented dendrites. In the example reproduced 
the radiograph does not indicate the presence of an actual dis- 
continuity, at this junction, but in thick submerged-arc welds a 
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definite straight-line hot crack may develop along this plane 
Porosity and blowholes are not usually present to an extent 
regarded as serious, but a Blomberg wormhole (Henry and Claussen, 
1940) may extend through nearly the entire throat thickness 
This is indicated in the radiograph (Fig. 12 (4)) by the high density 


(c) 


Fig. 12. (a) “Beetle” cavity in stainless steel weld + in. thick 

(b) Blomberg wormhole and incomplete root penetration in 
stainless stee! weld. 

(c) Macro-section through cavity (a). 
perpendicular to sides of Vee. 

(d) Macro-section through cavity (b). 
solid metal below the cavity. 


Note grain orientation 


Note small thickness of 


of the shadow coupled with a sharp and rather characteristic 
image. Fig. 12 (d) is a macro-print of such a cavity, which in 
this example is associated with incomplete root penetration 


Fig. 13 shows a radiograph of “ fish eyes ** in part of a sectioned 
ill-weld tensile test specimen of mild steel. Only two of the eight 
defects revealed are visible on the surface, and the radiograph 


Fig. 13. “Fish eyes” in section of all-weid metal tensile test specimen in 
mild steel. The radiograph, slightly enlarged, shows eight of these defects 
all orientated perpendicular to the direction of stress. 


shows not only their number, but also how they are all oriented 
perpendicular to the direction of the stress in such a way that their 
distribution can lead to the formation of planes of weakness 


The appearance of welding defects in a radiograph can be 
simulated by artefacts or spurious markings arising from faulty 
manipulation of the film and other causes. These have been 
described in detail elsewhere (Mullins, 1947) and should not 
ordinarily lead to any confusion. Cases of doubt can be resolved 
by making repeat exposures and taking appropriate precautions 


The radiographic technique for the examination of pipe welds 
differs somewhat from that used with large circumferential welds, 
and this affects interpretation. The technique used must be known; 
for example whether X-rays or gamma rays have been employed, 
whether there has been single wall or double wall penetration by 
the rays, whether the penctrameter has been placed on the film side 
or source side of the weld, and so forth. It is also important to 
know whether a backing ring has been used, since characteristic 
defects associated with them (Wiltshire, 1948) may be present; 
this is not of course intended as a criticism of the use of backing 
rings. In small diameter pipe welds, where there is no backing 
ring, the appearance of the underbead is a good indication as to 
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whether satisfactory penetration has been achieved, and in this 
case grinding of the outer surface increases the clarity of the 
radiograph considerably 


F Fillet welds, and welded flanges and branches call for special 
care in interpretation. Detailed particulars of the radiographic 
technique must be available, together with drawings showing the 
direction in which the shots have been made. These drawings 
will usually have been prepared beforehand by the radiographer. 


Fig. 14. Radiographic examination of filet welded 
ad macro-sections show differences in the 
pom gens Note good agreement in the w 

by the radiographs. 
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Lack of side-fusion is almost impossible to detect in many types 
of fillet weld and it is perhaps fortunate that defects in these 
welds tend to be located mainly at the root. This being so, the 
position in the radiograph where root defects would appear must 
be determined, which is a matter of simple geometry. A difficulty 
with deep penetration welds is that the image of an unfused gap 
may overlap that of the root of the weld, so that it may be difficult 
to say with certainty whether there is any root cracking present 
(Fig. 14); variations in the width of the gap can be clearly shown 
but it is difficult to interpret any superimposed shadows 


Further examples of fillet welded joints are shown in Figs. 15 
and 16. Fig. 15 shows a radiograph and sketch of a welded branch; 
in this case by careful angulation of the X-ray beam it is possible 
to separate root defects (2) from the crescent-shaped image (1) 
of the gap between backing ring and pipe. The sketch of Fig. 16 
illustrates the positions in the film on to which the images of the 
various parts of a welded flange are projected. These positions 
clearly depend on the position of the radioactive source, and the 
position has to be chosen so as to give the best spacing of the 
images (in this case « = 60 deg.). Unfortunately the thickness 
gradient is so steep in this specimen that it is not possible to make 
a satisfactory reproduction 


So far it has been shown that in order to interpret radiographs 
it is necessary to know: 
(i) The principles underlying radiographic technique. 
(ii) The characteristic radiographic appearances of defects, 
and of the modification of these appearances by various 
factors. 


(iii) Details of welding processes and procedure. 


(iv) Characteristic defects associated with a particular welding 
process. 


Armed with this basic information the procedure in examining 
a radiograph would be somewhat as follows. First of all the serial 
number, if any, is checked and then the radiograph is examined 
to"see that it is free from spurious markings which would interfere 
with interpretation. The next step is to look for the recording of 
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specified penetrameter details (the value of these depends very 
much on the type of penetrameter). The radiograph should now 
be examined for the presence of any blurred patches caused, for 
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Pig. 15. Radiograph and sketch showing section of welded branch. The 
radiograph shows» 
1) Crescent-schaped image of gap between backing ring and pipe. 
2) Siag inclusions at root near pipe. 
3) Stag inctusion at rect in opposite corner from pipe. 
4) Edge of backing ring. 


example, by lack of contact between films and intensifying screens 
Next the density of the radiograph in the region of the weld image 


should be checked-—-not too black to be effectively illuminated, 
and not too light. The radiograph should be free from variations 
of density due to uneven development, and there should be no 
streaks, stains, or fog patches, nor should the graininess be 
abnormally high due to the use of the wrong type of film, or to 
over-development. This preliminary check-up will, after a little 
experience, take no more than a few seconds, after which attention 
can be concentrated on the appearance of the images of any 
defects. Are these sharply defined, and of the contrast one would 
expect from the type and size of the defects, taking into account 
the thickness of the weld ? Assuming that definition and contrast 
are satisfactory, the radiograph can now be thoroughly examined 
and interpreted. For this purpose a low-power hand lens is a very 
useful accessory, especially if there is a possibility of intercrystalline 
cracking. A barely visible image of a micro-<rack will show 
urmistakably as such when viewed with a lens, provided that the 
film resolution is sufficiently good. For the viewing of a faint, 
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diffuse line vefect, it is a help to hold the film so that the image is 
foreshortened 


The scope of this paper has been intentionally restricted to the 
correct identification of welding defects in radiographs. It may 
justly be said that interpretation does not stop at this point, and 
that the radiographic examination should give some indication 
as to where faults in the welding technique lie, and should also 
enable a decision to be made as to the acceptability of the weld 
Do the size and distribution of porosity give any clue as to its 
origin? Is the presence of slag due to careless workmanship, 


does it indicate an unsuitable type or size of electrode, or is the 
welding current too high or too low ? How can complete pene- 
tration be attained in a pipe weld while avoiding excessive under- 
bead ? How can “ lumpy ”’ or uneven welding be corrected, and 
how are undercut and overlap to be avoided ? These are questions, 
not for the radiographer, but for the welding engineer. It may also 
be said that it is a part of interpretation to decide whether a defect 
shown in a radiograph is significant, i.e. whether it ig acceptable 
or whether it should be repaired. This is the ultimate responsibility 
of the accepting authority but the radiographer also has a responsi- 
bility, since repairs are undoubtedly often made in default of a 
sufficiently good radiograph. A faint, diffuse, blurred image, 
might mean almost anything and the inevitable result is “if in 
doubt, take it out*’. These wider aspects of interpretation must, 
however, perforce be left without further amplification. 
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STRESS DISTRIBUTION IN FILLET WELD 
CONNEXIONS BETWEEN ROLLED ANGLE 
SECTIONS AND GUSSET PLATES 


By F. KoOeNIGSBERGER, Dipl.-Ing., M.I.Mech.E. 
and H. W. Green, M.Sc. Tech., G.I.Mech.E. 


The best arrangement of welds for connecting unsymmetrical rolled steel sections to their gusset 
plates has always been a point of controversy amongst designers. 


This is a report of preliminary work on the subject, carried out under practical conditions, with a 


view to determining whether an advantage is gained by the use of any particular arrangement of welds. 


It is concluded that under static loading conditions, no advantage is gained by using any particular 
arrangement and that practical considerations should decide the design layout of the welds. Further re- 
search is required which should also include an investigation under fatigue loading. 


A STUDY of literature and specifications concerning weld design 
reveals that a difference of opinion exists regarding the optimum 
disposition of welds in a fillet weld connexion between an axially 
loaded unsymmetrical rolled section and its gusset plates. This 
difference of opinion arises from the assumption that the arrange- 


ment of the welds affects the stress distribution in the connected 
members 


In the main there appear to be three schools of thought regarding 
the disposition of the welds, viz 


(1) That the throat areas of the welds should be inversely 
proportional to their distance from the centroid of cross section 
of the member. It is claimed that by this arrangement the stresses 
carried by the section due to axial loading are not increased by 
bending stresses. (Moon, 1949; Koenigsberger, 1948; Deutscher 
Normenausschuss. ) 


(2) That provided a sufficient throat area of weld is adopted 
the actual dispositionfof welds is immaterial. It is favoured by 
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designers in this country who scem to give particular weight 
to the practical problems arising in construction. 


(3) That both fillet welds should have equal throat areas. In 
general no qualification is given to justify this statement. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The problem has been approached experimentally by the use 
of the specimens shown in Fig. 1. A case in which the welds are 
equal is shown in Fig. | (a), a case where the throat areas are 
proportioned inversely to the distance from the centroid of area 
of the section in Fig. | (6). Two other examples of this type of 
joint are shown in Fig. | (c) and (d). In these, different dispositions 
of the shorter weld have been used. Experiments were also carried 
out with members built up from flat bar, in the one case with 
equal welds and in the others with the welds laid down as for the 
angles of Figs. 1 (5) and (d). 


In the vicinity of the welds on the surface of the attached member 
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a series of rectangular rosettes were set out, and by using « 
Johansson extensometer of } in. gauge length at each point the 
principal stresses were determined 


Fig. 2 shows the arrangement of the Johansson extensometer 


on @ specimen 


| oad Application 


The loading of the specimens has been carried out in a 50-ton 
Buckton horizontal testing machine. For all the experiments 
standard wedge grips were used in order to reproduce, as far as 


possible, practical loading conditions. For a more ideal experi 
mental condition universal joints have been constructed which 
will enable a definite point of application for the loading to be 
specified. Experiments with these are now in progress. Satisfactory 
operation of the wedge grips was obtained only when graphited 
grease was used as a lubricant, as otherwise the wedges would 


Fig. 3 


hold for a time on application of the load and then slip into a 
new position 


The use of these wedge grips makes it impossible to define 
exactly the loading conditions at the ends of the specimen, since 
some rotation may occur between the wedges and the specimen 
This may have a concealing effect on other conditions and at the 
same time introduces an additional variable. The action of the 
wedges may also result in a loading which is somewhat eccentric 
to the axis of the specimen. Each specimen was placed in the 
machine so that the gusset plates were disposed centrally with 
respect to the wedge grips; this was effected by the use of special 
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gauge blocks made for the purpose. Fig. 3 shows a specimen in 
the machine 


The notation shown in Fig. 4 is used to identify the positions 
on the cross sections of the specimens. 


To determine the effect of a change in eccentricity «f loading, 
an angle specimen with proportional welds (specimen No. |! ()) 
was placed in the testing machine so that the end plates of the 
specimen touched one side of the wedge boxes, an increase in 
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Fig. 4 


the eccentricity of 9/16 in. The values of the direct stress in the 
ang in the region of the smaller weld, i.e. along the line H 2-75, 
were determined, and it was observed that the magnitude of the 
peak stress was increased by about 18 per cent., whilst the 
characteristic of the stress distribution did not vary. In view of the 
care taken in setting up each specimen, only a small difference in 
the value of the stress set up may be brought about by the method 
of gripping, and it may be concluded from the above that this 
cannot be the cause of the differences in the stress distributions 
for the different specimens. 


For all the specimens the maximum load to be used was first 
applied to “bed” the specimen down and was then reduced to a 
datum value of one ton, which was the minimum load applied dur- 
ing the whole of the experiments. The Johansson extensometer 
was placed on the first point in a given direction and the initial 
reading noted, readings were taken at increments up to the 
maximum, and finally the load was reduced to one ton and the 
extensometer reading taken, this last reading giving an indication 
of the stability of the instrument during the loading and un- 
loading. The extensometer was moved to the next point, the same 
direction being maintained, and the procedure repeated along the 
length of the line. In all, load extensometer readings were taken 
in four successive directions at 45 deg. at each point, three only 
being necessary but the fourth serves as a check. The extensometer 
readings were plotted and the curves faired. Faired curves for a 
load of 30 tons are shown in Fig. 5. These results are for the 
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line H. 1-875 on the joint shown in Fig. | (@) and are indicative 
of the scatter obtained in the experiments, the differences being 
most noticeable at this load 


Stress Distributions 

From the graphs of load-extensometer readings, corrected 
values of extensometer readings were found and for each point 
the principal stresses with their directions were obtained. Figs. 6 
and 7 show the variation of principal stress in the angle specimens 
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Fig. 6 


in the region of the joints. The results obtained have also been 
utilised to construct diagrammatic representations of the stresses 
and these are given in Fig. 8 


A comparison of the results obtained for specimens | (a) and 
1 (b), Figs. 6 and 7, shows that the maximum stresses for the 
specimen with equal welds (No. | (a@)) is approximately 10 per cent. 
greater than for the specimen with proportional welds (No. 1 (6)). 
There is, however, a reaction moment between the two angles, 
and the stresses set up by it would tend to accentuate the value 
of the maximum stress in the specimen used for equal welds. The 
stresses due to the reaction moment become apparent on the 
outstanding leg and are shown graphically in Figs. 6 and 7 and 
pictorially in Fig. 8. It therefore seemed reasonable to assume 
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that extending the end plate beyond the weld would have the 
effect of reducing the maximum stress. To investigate this point 
a packing plate of the same section as the end plate and 2 in. 
long was interposed between the angles for the case of equal welds 
(Specimen No. | (a)) and butted up to the end plate. The line 
giving the highest value os stress (H. 2-75), was investigated, 
and the resulting values of the principal stress are shown by the 
broken line of Fig. 6. The result shows that the maximum value 
of the stress was reduced from 12-4 to 10-6 tons per sq.in. The effect 
of the packing in reducing the stress is also shown in Fig. 9, which 
gives the values of direct stresses perpendicular to the axis for the 
line V. 0-625. The reduction in the stress is due to the increased 
effective distance between the section of the outstanding leg of the 
angle subjected to a tensile stress and that subjected to a com- 
pressive stress which sets up the reaction moment. 


It is interesting to note that in the case of the three types of 
joints for the angle specimens with proportional welds (Specimens 
No. 1 (4), 1 (c) and 1 (d)) the position of the smaller weld with 
respect to the end plate had no appreciable effect on the value 
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of the maximum stress and only altered the rate of increase of 
stress at the joint. These are shown in Fig. 10. Earlier work in this 
field has been carried out (Koenigsberger, 1951) on specimens with 
equal welds and with proportional welds, tested to destruction. 
Failure in the angles occurred at almost identical loads with both 
weld arrangements. 


To determine further the effect of the different proportioning of 
the welds, it was thought that this would be more marked if 
members made up of flat bars having welds similarly proportioned 
to those for the angle sections were utilised. Consideration of the 
.graphs of stress for the flat bar specimens (Fig. 11) shows that 
the stresses developed in the three types of joints examined are 
of the same order. In the joints with the proportioned welds, 
however, the peaks were more pronounced at the shorter welds. 
From the point of view of the stress developed no preference is 
indicated for any case. For a flat bar specimen with equal welds 
the stresses are similar to those reported by H. M. MacKay and 
A. M. Bain and by C. H. Lobban (Freeman, 1930-31, Discussion.) 


Graphs are shown in Fig. 12 of principal stress and the cor- 
responding direct stress for specimens Nos. | (a) and 1 (6) fine 
H. 2-75. 


The comparison shows that there is very little difference between 
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the principal stress and the direct stress. This justifies the use of 
direct stresses in semilar investigations, the determination of which 
involves only a fraction of the work required to determine principal 
stresses 


CONCLUSION 

The evidence supplied by this work does not indicate whether, 
under static loading conditions, one arrangement of welds ts more 
satisfactory than the other. Although peak stresses do occur, 
the low design stress used in practice (8 to 10 tons per sq.in., 
mean stress in mild steel) is sufficient to make allowance for these 
It can, therefore, be concluded that under static loading conditions 
the weld arrangement adopted is immaterial and that the choice 
would depend on the facility of construction. What appears to be 
of greater importance is that the angles should have sufficient 
seating length on the gusset plate, so that the stresses set up to 
effect the reaction moment are kept at a reasonably low value 
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An investigation under fatigue loading might reveal that the 
rate of increase of stress may affect the result and make a particular 
weld arrangement more advantageous. Such an investigation 
should, therefore, be carried out before coming to a final opinion. 
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BOOK REVIEW 


(continued from page 4) 


and its effect on weld quality and distortion, and are physics, 1s 
too meagre to provide more than a bare outline. It is inevitable 
inat metallurgical problems should have been the first concern 
of wclding investigators; after all, it was only through the introduc- 
tron o! phosphorus deoxidised copper—to give an outstanding 
ex..op.e-—-that welding this metal on a large scale became practic- 
t On the other hand, given that the most important metal- 
iu.val problems have been overcome, work on the physical 
t asis of welding processes becomes more important, both from a 
theoretical and a practical point of view, and in a text book which 
comprehends welding technology as a whole, due weight should 
be given to this question. 


In spite of this defect (which, in the present state of knowledge, 
is inevitable), and in spite of a few detailed points which those well 
acquainted with the art may criticise, this is a very good book 
indeed and deserves the widest circulation. The fusion welding 
of non-ferrous metals is developing at a remarkable, in fact almost 
alarming rate at the present time, and, although his work covers 
the very latest ideas in welding technique, Dr. West will probably 
be faced with a considerable accumulation of material for future 
editions. However, a sound and logical foundation has been laid 
which will accommodate any changes in practice which may 
occur. This looks like being a classic in its field: let us hope that it 
will provide inspiration for yet other classics in welding literature. 


oP. &. 
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METAL SPRAYING TECHNIQUE AS APPLIED 
TO PROTECTION 


By W. E. BALLARD, F.R.LC., F.1.M. 


N presenting a paper on “Metal Spraying” to the Institute of 

Welding, one might make comparisons with the process of gas 
welding and would be impressed by the differences in the technique, 
metallurgy and physics of the methods. The aim of gas welding 
is to obtain a chemical bond with high adhesion and to deposit 
a metal which is strong and, if possible, to obtain a structure 
which is not unlike that of the parent metal. Spraying offers little 
chance of joining metals tightly, and compared with welding, 
adhesion is low. The structure of the sprayed metal bears no 
resemblance to that of the cast or wrought material. This is shown 


Fig. |. Transverse structure of sprayed metal. The black areas represent 
pores. x 150. 


in Fig. 1 which is a typical microstructure of sprayed material 
The only similarity is that in both processes metal is melted by 
means of the heat generated by an oxy-gas flame 


In the circumstances any approach to metal spraying with 
pre-conceived notions of welding would appear to be useless, 
and it is more desirable to see how the different processes can 
become complementary in industrial activities. The main uses of 
spraying fall into the application of protective coatings to steel 
and the repair of worn parts. There are many other uses for the 
process, such as the spraying of plastics and other non-metallic 
materials and the making of electric circuits, etc., which cannot 
be described here. 


The purpose of this paper is confined to a description of the 
technique of protection by metal spraying, and in one of the other 
papers the reasons for the use of the process on constructional 
steelwork are considered and some attention is given to the effects 
of spraying upon welding. The paper deals only with the wire 
process (the most widely used), but it should be understood that 
there are other processes which use powder or molten metal as 
the raw material. 


As is well known, the principle behind metal spraying is simple, 
in that a wire of the metal which is to be sprayed is pushed into 
an oxy-gas flame at a pre-determined rate (Fig. 2). The flame 
arranged round the advancing wire so that the long axis of 


flame lies along it. A mixture of oxygen and a fuel gas under 
pressure emerges from nozzles forming an annular space round 
the wire or from a series of small holes so arranged. In either case, 
if the flame is hot enough, the supply of the wire can be controlled, 
so that the metal is melted continuously and therefore any wire can 
be sprayed which will melt in the oxy-gas flame. Around the 
flame is arranged an annular nozzle through which flows com- 
pressed air at high speed. This creates a suction on the flame 
and the small droplets of molten metal, splitting the latter into 
small particles about 1/100 mm. in diameter. These particles 
are shot forward at high speed on to the surface which is to 
receive them. In the early days of metal spraying the wire feed to 
the flame was arranged by many meihods, but after a time all 
were set aside and the motive power for driving the wire was 
obtained from some of the compressed air fed to the tool. 


The reason for adopting this method is that it is found that it 
allows a tool weighing from 3 to 4 Ib. to be constructed which 
can contain all the necessary gears and the motor for the drive 
The method used is to insert in the case of the tool (or pistol, 
as it is more often called) an air turbine which rotates at very high 
speed—from 20,000 to 30,000 r.p.m.—-driving two rollers through 
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a number of reduction gears. The rollers grip the wire and feed it 
forward into the nozzle. It will be seen that the feeds to the metal 
spraying pistol are the wire, compressed air (at pressures varying 
from 40 to 80 Ib. per sq.in.), oxygen and compressed fuel gas (both 
at pressures varying from 7 to 40 Ib. per sq.in.). The choice of the 
fuel gas will depend upon circumstance, the cheapest one commonly 
used in the factories being coal gas taken from the town main and 
compressed at site. In the field, propane or dissolved acetylene is 
taken from cylinders. In the Services, where hydrogen is available, 
this gas is quite commonly burned as a fuel. Special pistols, having 
a shghtly different type of nozzle, are used for low pressure 
acetylene obtained at about 7 Ib. pressure from a generator, but 
this type is not so efficient as that using the high pressure gas 
The type of hand tool described is very mobile and is largely 
responsible for the present popularity of spraying. 


Recent developments have refocussed attention on the use of 
the nozzles set in mechanical devices. In such cases weight and 
mobility are not of primary importance and therefore the air 
motor can be replaced by an electric motor and sometimes the 
wires for many nozzles are driven by one motor and one set of 
gears 


In the early days of metal spraying many difficulties were 
encountered, and it was found in general that the most foolproof 
machine could be made if the diameter of the wire used were 
comparatively small, for instance, | to 1} mm. With improved 
methods of production of the tools, together with a fuller knowledge 
of the factors of design, recent tendency has been to increase the 
wire diameters until now wire of § in. and 3/16 in. is commonly 
used, and there has been a corresponding increase of the weight 
of metal sprayed in an hour. The results of experimental work and 
commercial experience have shown that in the case of aluminium 
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coatings and, to a lesser degree, those of zinc, the finer the coating 
applied, the better will be its performance. The finer coatings are 
more easily achieved by using small diameter wires, but such 
practice limits output. The metal sprayer of to-day has to consider 
the economics of the process, and strives to use the heaviest wires 
possible, while maintaining a reasonably fine coating. Where the 
most perfect coatings are essential, it is desirable that wire not 
exceeding 2 mm. in diameter should be used, but for all general 
purposes, using zinc or aluminium, § in. wire can be used with 
confidence. Most observers seeing the metal spraying process for 
the first time are struck by the small area that is covered from a 
pistol nozzle, and a common remark is that it is a pity that one 
has to use a pencil instead of a whitewash brush. Reflection will 


Fig. 4. Touching up by spraying weld joi 
about 60 ft. above ground. The opera 
pistol; the portable sand biast machine is seen 


show that even if the whitewash brush idea were practical, it 
would have tremendous disadvantages, and these have become 
obvious in recent years. New techniques have made it possible to 
produce special tools which deposit a very large amount of metal 
per hour, and such nozzles are of great importance in reclamation 
work or in mechanised plant. It is little use providing a man with 
a tool which will cover a certain area with a desired thickness, if 
it is beyond his physical capabilities to pass over the area evenly 
and at a reasonable speed. 


In the production of protective coatings it is important to get 
an even thickness, and when a man uses a metal spraying tool 
which is designed to spray an amount of metal within his manipu- 
lative capabilities, it is surprising how near a practical operator 
can get to a specified thickness. Any attempt to speed up the 
manual process beyond an optimum brings about fatigue, which 
reduces the chance of obtaining even coatings. The correct way to 
apply a metal sprayed coating is in parallel strips just overlapping 
each other. Fig. 3 shows how by this method one can obtain 
good results. In early days it was felt that a cross spray would 
give more even results, but experience has shown this not to be so, 
and any analogy to the spraying of paint, which zemains fluid on 
the surface, is to be avoided. The molten particles shot from the 
pistol are molten at the time of impact on to the surface of the 
work but they solidify immediately. The process appears to be 
cool because heat is conducted away so quickly from the particles 
by the surrounding stream of gas. The practice of cross spraying 
is dangerous, as a man cannot see whether he is overlapping each 
pass, whereas in strip spraying the operator can see exactly what 
he is doing. The novice tends to use his wrist and move the pistol 
from his forearm, but the proper way to work, exemplified by the 
experienced, is to use the body to give the movement and to keep 
the pistol at nearly the same angle and distance from the work, 
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Feed tubes are tucked under the arm and the elbow kept rigid to 
the side, as is shown in the diagram. Naturally, at the end of each 
stroke there is a slowing down and stopping, so that there is slightly 
more metal applied at the end of the run. The coating thickness 
in the case of zinc and aluminium is checked by means of electro- 


magnetic thickness meters, which, when used intelligently, are 
correct to plus and minus 10 per cent. It will be understood that 
the process using the light manual tool can be adapted for use 
both in the shop and in the field. The pistol can be used quite 
easily by men sitting on girders at considerabie heights, or in 
confined spaces, but unfortunately the preparation of the work 
creates some difficulties. 


In metal spraying it is no use to attempt to apply a coating to 
surfaces which are not clean. Furthermore, there is no alloying 
to the surface of the base metal and therefore the adhesion obtained 
is by means of interlocking on a microscopic scale. The surface to 
receive the metal must also be roughened, and it is necessary, 
therefore, to prepare the material by grit blasting. This is a method 
of preparation which cleans and roughens the steel surface 


Grit blasting is carried out in two ways. The older method is 
by mixing the abrasive, usually steel grit or crushed fused bauxite, 
with a stream of compressed air and directing it on to the work 
through a hardened nozzle. The newer system is to throw the grit 


from the periphery of the fast spinning wheel and this method is 
known as airless blasting 


The normal grit blasting machine consists of a cylindrical vessel 
in which the abrasive is stored and from which it trickles into the 
stream of compressed air, which passes along a rubber tube to a 
hardened nozzle. In carrying out work in the field (Fig. 4) it is 
possible, where there is no danger to nearby personnel, to use 
black flint as an abrasive, but in factories this is forbidden by law, 
owing to the danger of the operator contracting silicosis. The 
operator of a grit blasting nozzle has to wear a helmet provided 
with a positive pressure of clean air and to wear rubber gloves 
and rubber shoes to avoid any danger from the rapidly moving 
abrasive material. In the rare cases where sand can be used it is 
not always necessary to make arrangements for its return and it 
is blown into the air. Where steel grit or bauxite is used, the cost 
of grit is such that arrangements must be made to collect as much 
of the material as possible and return it to the machine. On site 
this is often a matter of considerable skill and special arrangements 
are made: tarpaulins are put around the work and rubber bags 
are used to collect the material. Arrangements for blasting on site 
should be made by those with experience. It must be remembered 
that lost abrasive may be dangerous. For instance, when grit 
ear S Pore acim may be that the abrasive would fall on the 
points of a railway underneath or on some si ing system and 
could cause a good deal of trouble. — 


Quite recently a machine has been introduced into this country 
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which may often be used to overcome these difficulties. Its 
principle is quite easy to understand, in that the sand blast nozzle 
is placed within an outer cone and this outer cone is exhausted 
by what may be described as a large industrial vacuum cleener 
The cone has a round brush at its end which, pressed on the work, 
allows air to enter slowly in between the work and nozzle and in 
using this apparatus no grit escapes into the surrounding atmos- 
phere (Fig. 5). In many cases this is a solution of the difficulty of 
grit blasting on site, but the process is a little slower than open 
blasting and is not applicable to very irregular surfaces. The 
writer has had many years of experience with grit blasting of all 
sorts of vessels on site, and while not minimising the difficulties, 
can state very definitely that there is usually a way to overcome 
the obvious disadvantages. In the shop and the factory, where 
most grit blasting is carried out in cabinets, the spent grit falling 
from the work passes through the perforated floor on to some 
means of returning it to the blasting machine, such as spirals or 
belt conveyors. The process then becomes almost continuous, 
and where the plants are properly equipped this form of grit blast- 
ing is that most generally applicable. 


Recent methods of airless blasting by means of the wheel give, 
where applicable, distinct advantages over all other methods. 
The wheel spins at about 2,500 r.p.m. and commonly deals with 
300 Ib. of steel abrasive in one minute (Fig. 6). This type of 
machine is more effective on steel abrasive than on other forms, 
as the abrasive itself must be heavy in order to get maximum 
effect. The wheel throws out the abrasive over a very large area 
compared with a shot blasting nozzle and this provides a process 
which is extremely rapid. The wheels must be used in closed 


| 
} 
i 
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containers through which the work passes. The positioning of 
the wheels is important and the machines have usually to be 
specially constructed for a special type of work. The wear on the 
wheels and the machine casing is very considerable, but even when 
this is taken into account, together with its high capital cost, the 
machine still affords distinct advantages. With the possibility 
of installing airless blasters for special types of work there arises 
the possibility of cheapening the metal-spraying process as a 
whole by making spraying automatic, and in the past five years 
great strides have been made in this direction 


Such machines usually consist of banks of nozzles with the 
wire feeds driven by electric motors. Nozzles are ganged together 
and are arranged so that they can be altered to treat different 
surfaces and different contours of work. In some cases gangs of 
nozzles are moved in relation to the work surface, but it is more 
usual for the work to travel between the nozzle set up (Fig. 7). 
Such arrangements make it possible to save labour and to use 
various forms of control, either pneumatic or electronic, which 
make it easy to manipulate gangs of nozzles placed at different 
positions in the machine. Such combinations, together with the 
airless blaster represent a real step forward in metal spraying, 
especially when one considers structural steelwork. There is no 
doubt that as the demand for sprayed steelwork increases 
(and it is increasing rapidly), such machines will be installed 
either at the end of the steelmill, so that the steel works may 
supply metallised girders or joists, or alternatively in the large 
constructional engineering works. All that will be necessary then, 
for the constructor-to-be, will be to touch up where damage 
has occurred during transit or in erection. 


Pig. 7. Spraying unit of automatic machine for spraying steel! pipes. Feed 
mechanism removed to show the nozzle set-up. Some of the automatic 
controls can be seen at the back of the operating panel. 
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THE USE OF METAL 


SPRAYING FOR THE 


PROTECTION OF STRUCTURAL STEELWORK 


By V. E. STANBRIDGE, 


1. Introduction 

Mr. Ballard has explained very fully the technical aspect of 
metal spraying. The purpose of this contribution is to consider 
its use for the anti-corrosive treatment of structural steelwork, 
and particular reference is made to the Abbey Works of The 
Steel Company of Wales Ltd., which were opened last year, and 
on which something like half of the steelwork was metal sprayed 


2. Factors affecting the Choice of Anti-Corrosive Treatment 

Within the limits imposed by the length of this paper, it is 
impossible to do more than outline the main factors which will 
affect the choice of anti-corrosive treatment. However, since a 
proper appreciation ‘of the value of metal spraying as a medium 
for the protection of structural steelwork rests on a consideration 
of these factors, they willbe dealt with briefly. 

Generally, the main factor governing the choice of the measures 
to be taken for the protection of structural steelwork is purely 
one of economics, although 1a some cases conditions may arise 
which dictate the adoption of a system which is not necessarily 
the most economical. 

The costs can be considered under two heads 

(a) Cost of initial treatment, 

(6) Cost of maintenance, 
and the most economical scheme will obviously be the one which 
gives the lowest figure under these two heads over the projected 
life of the structure 

Costs in general will be influenced by a variety of factors such 
as the degree of atmospheric pollution, the effect of initial prepara- 
tion, the design of the structure, the use to which it is to be put and 
the colour ranges specified. 

The amount of atmospheric pollution and also the nature of 
the vitiation must play a part in dictating the scheme of protection 
to be adopted. In general, however, one can work on the basis 
that the more vicious the atmosphere the better the protection 
that should be provided. 

When we come to the question of initial preparation of the 
steelwork, however, the issue is by no means so clearly defined. 

During recent years engineers have become more corrosion 
conscious, and the importance of thorough preparation of the work 
prior to the application of the protective coats is now fairly 
generally appreciated. In particular it is essential, in order to obtain 
satisfactory results, to ensure the complete removal of all mill 
scale. This has a very important influence on costs, since any mill 
scale left on the work will eventually peel off as a result of electro- 
chemical action, bringing the protective coats with it. The break- 
down may occur at any stage in the life of the building. Steelwork 
is being supplied by the mills to-day on a hand-to-mouth basis, 
and the days of stocks of weathered steel which can be drawn 
on as and when required are gone, probably for a very long time. 
Thus structural steelwork usually arrives on the site with a heavy 
deposit of mill scale more or less firmly attached. The cost of 
removing this scale ranks high in the overall cost of protection. 
The methods available may be briefly summarised as follows: 


(a) Hand Wire Brushing with or without Previous Weathering 

This method is of the “hit or miss” variety. If the steelwork is 
not weathered, the use of hand tools is unlikely to be effective. 
On the other hand, if the steel is weathered, by the time the scale 
has been loosened a degree of pitting will have occurred. Wire 
brushing will not remove the oxide from the pits and the pockets 
of incipient corrosion thus left will, in due course, affect the paint 
finishes. The effect of this residual oxide can be countered to some 
extent by the use of one of the phosphoric washes and an attempt 
has been made to assess the effect of this on protective costs in the 
chart in Fig. 1. The site programme may not leave time for pro- 
longed weathering. The method is comparatively cheap as will 
be seen from Fig. 1. 


M.L.C.E., M.1L.Struct.E. 


(6) Wire brushing as above but with the use of power tools and, 
if necessary, assisted by power chippers 

This method is more efficient than that described in (a), but 
experience has shown that even with power-operated apparatus 
it is impossible to guarantee the complete removal of mill scale 
from newly rolled steelwork without a considerable weathering 
period. For this reason the same objections apply in modified 
form as in the Case of (a) above. 


(c) Flame cleaning 

This method is very suitable for the cleaning of old steelwork, 
but there is evidence that the method does not completely remove 
firmly attached mill scale. Furthermore it is expensive. 


(d) Shot or sand blasting 

This is a reliable method for the complete removal of all mill 
scale and it does leave the steelwork in a suitable condition to 
receive either paint or metallic protection. It is expensive, particu- 
larly if the work has to be done on site where it is difficult or 
impossible to recover the abrasive material. It is the only prepara- 
tion which has been found to provide a suitable surface for the 
application of metallic spray. Having shot or sand blasted the 
steelwork it costs very little extra to apply a coat of sprayed metal, 
either aluminium or zinc. Moreover, this sprayed coat forms an 
excellent basis for the application of subsequent paint films and 
these films can therefore be designed for maximum life 


(e) Pickling 

It is possible to ensure the complete removal of all mill scale 
by pickling in acid, but few firms possess pickling baths of sufficient 
size to handle structural sections. Pickling is, of course, the usual 
pre-treatment for galvanizing, but this is outside the scope of 
this paper 


The design of the structure will also have its influence on the 
choice of anti-corrosive treatment. To-day the all-welded rigid 
structure shows very great economy over its riveted articulated 
predecessor. Quite often the arbitrary addition of 1/16 in. to the 
thickness of the members to make up for losses due to corrosion 
would be quite unjustified economically. So also would be the 
practice of working to certain minimum thicknesses for the same 
reason. If the maximum benefits are to be obtained from modern 
advanced design, then steps must be taken to ensure that structures 
are not weakened by wastage due to corrosion. 

Finally, the function of the structure must be taken into account 
when deciding what protective measures should be adopted. For 
instance, tall, open, crane-bearing structures with almost continual 
crane use would call for a protective system of maximum efficiency. 
At the other end of the scale the readily accessible building which 
could be repainted with little disturbance to production need be 
considered chiefly from cost and decorative angles. The buildings 
having poorer accessibility will in any case involve a higher cost 
when they are eventually treated. 

Having considered all of the foregoing factors, it should be 
possible to prepare a chart of relative costs, generally in the form 
shown in Fig. 1. 

The above factors influenced the decision to use metal spraying 
at Abbey Works. The atmosphere is a marine one with a substantial 
degree of pollution from the local industries and the progress of 
corrosion on unprotected steelwork is extremely rapid. On these 
grounds, therefore, it was obvious that special consideration would 
have to be given to the protective scheme. 

Fig. 2 shows the typical form of the buildings. It will be seen that 
they are crane-bearing structures with frames generally at 40 ft. 
centres. Spans varied from about 90 ft to 120 ft., and the height 
of the buildings varied from 55 ft. to 112 ft. The structures were 
of all-welded construction and the main frames were designed as 
rigid portals. It will be seen from the photograph that they are of 
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Fig. 1 
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Note. (1) Costs are based on a structure life of 50 yrs 
(11) Cost of renovation is adjusted assuming on income tax allowance of 7s. 6d. in the £ 
(1) Spraying costs are for handtreated work. Automatic treatment would reduce the cost 


open lattice construction above crane girder level. The mill is expected to take care of such shortcomings. Although the wire 
arranged for continuous working so that free passage of the cranes point system of metal spraying was adopted, it is fair to say 
is essential at all times apart from short stops at infrequent intervals that tenders were invited from representatives of both the powder 
It is clear that the protective scheme should be one which would process and the wire point process, either of which would have 
stand up to the difficult conditions for long periods without renewal met the engineer's specification 

In view of the economy achieved in the design of the lattice frame, 

it was essential to employ a reliable protective scheme rather than Having decided to metal spray the upper steelwork, arrange- 


waste steel by the arbitrary use of minimum sections which allowed ments were made to deal with as much as possible in an automatic 
for corrosion 


An investigation of costs on the lines indicated above and based 
on actual tenders showed that the maximum economy would be 
achieved by the adoption of metal spraying throughout. There 
were reasons, however, such as the inability to allocate sufficient 
electric power and the necessary accommodation at short notice 
which prevented this. Moreover, as will be seen from Fig. 2, the 
access to the heavier work such as crane girders and stanchions is 
extremely good and these could be repainted without interfering 
with production 


It was decided, therefore, to use a fairly normal painting technique 
based on a red lead primer for this work, but paying special 
attention to the preparation 


kad 
Above crane girder level, however, it was decided to adopt eqreeerenne rss 
metal spraying as the system which would provide protection with rf 


a minimum of renovation. The basis of the scheme was to provide 5 f 
g- 


penn ea 
a coating of aluminium 0-004 in. thickness and to finish with one 
coat of paint in order to cover erection marks and other dis- 
figurements. The specification allowed for a tolerance of 25 per cent 
below the thickness quoted. It is expected that the paint coat will 
only be renewed at very infrequent intervals for decorative reasons. 
The maintenance in steelworks always has to give place to con- 
siderations of production, and for this reason has earned a 


reputation for being lax. The metal sprayed coat is confidently Fig. 2. Abbey Works. Cold Mill. 





Fig. 3. 
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plant erected in the contractors’ works. Fig. 3 shows the automatic 
spraying machine while Fig. 4 is a general view of the plant with 
the shot-blasting equipment on the right 


This was the first plant 


Automatic metal spraying machine set up for spraying joists with 
aluminium. The one bank of nozzles and the electric wire drive is 
clearly shown, and the wire feeds coming from above are also 
apparent. 


of its kind and although, as a result of experience, a number of 
improvements could be suggested for future machines, it was 
efficient 


The steelwork details were arranged so that as much work as 
possible could be passed through the automatic plant. Such 
parts as purlins, sheeting rails and bracings were so treated, whilst 
the main frames were assembled in conveniently sized sections 
and despatched to site where they were shot blasted and metal 
sprayed in a building specially equipped for the purpose. 


One of the main steelwork contractors elected to site weld all 
joints in the main frames whilst the other one preferred to bolt 
the joints which were, of course, arranged where bending stresses 
were conveniently low. The welded joints were sand blasted 
in situ after completion and metal sprayed. 


At this stage any damage which had occurred during transport 
and erection was touched up by local sand blasting and spraying. 


Perhaps we might digress here to mention that although metal 
sprayed coatings are fairly resistant to damage, certain precautions 
should be taken during handling to avoid excessive damage to the 
treated steelwork. Among other measures adopted to this end 
were the use of rope or covered slings instead of the more usual 
chains 


Returning to the site joints, after some unsatisfactory tests 
with metal-sprayed bolts, the use of sheradised bolts for bolting 
up was adopted as standard practice. Metal-sprayed bolts were 
found to be inconsistent in the ease with which the nuts could be 
threaded on even where special clearance threads were used. It 
was realised that in these circumstances the erectors working at 
height would be unlikely to struggle with a difficult bolt and, 
quite apart from the wastage, would drop it to the danger of those 
working below. 


It is understood that metal-sprayed rivets are now available 
which can be driven without detriment to the coat, but the writer 
has had no experience of these. 


Certain difficulties were experienced in connection with the site 
welding. It was known that one of the stud welding systems 
employed studs having their tips sprayed with aluminium. There 
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As a result the metal spray was in the first instance carried right to 
the end of members which were to be subsequently site welded. 
It should be explained that purlins, when erected, overhang the 
main frames by 10 ft. They are therefore 60 ft. long. They were 
sent to site via the spraying contractors’ works and were butt 
welded on the ground prior to erection. As mentioned previously, 
some of the main frames were site welded. When the site welding 
of metal sprayed work actually started the results were disappoint- 
ing and did not support the results of the earlier tests. Accordingly 
arrangements were made to stop the spraying just short of weld 
surfaces while a further series of experiments was carried out. 
From site reports it appeared that most difficulty was experienced 
where the thickness of the aluminium deposit was excessive. 
Consequently sample plates were prepared, some having a spray 
thickness of 0-004 in. and some having a thickness of 0-01 in. 
These were welded in various positions and whilst some of the 
results were encouraging they did not produce a technique for 
welding to sprayed steel and obtaining a full strength weld. Most 
of the welds suffered from porosity. Consequently it was decided 
to maintain the practice of stopping the spray just short of the 
weld face. The results of the tests can be briefly summarised as 
follows: 


(i) In the downhand position. \t was found that in this position 
plates which have been metal sprayed can be welded without 
previous cleaning provided a relatively high current, large elec- 
trodes and puddiling are used. Mild steel electrodes gave the 
most satisfactory results, but in any case considerable practice was 
necessary. 


(ii) In the vertical position. \t was found necessary to clean 
t’) steel prior to welding, and for this purpose a deep penetration 
electrode working at a high amperage was used to gouge a narrow 
groove in the steel whilst removing the aluminium. This was wire 
brushed and the actual weld was then made with an E.356 type 
electrode using a normal procedure, except that a slightly higher 
current than usual was used. 


Generally it was found that a welder could be trained to make a 
reasonably sound weld, but owing to the variables under the 
welder's control, no guarantee could be given of the physical 
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METAL SPRAYING AS A BUILDING-UP PROCESS 


A BRIEF SURVEY OF 
By J. BARRINGTON STILES, 


HE subject of metal spraying covers two main fields—coating 
and building-up, and it is with the latter aspect that this paper 
deals 


The process commonly known 


as building-up by metallising 
different ways. The commonest 


method is by functional classification, when there are three main 


may be sub-divided in many 
groups as follows 
(1) Reclaiming worn parts 
(2) Salvaging mis-machined or otherwise defective new items 
(4) Producing better or more economical components 


All the 
of these headings 


upplications given in this paper fall under at least one 
and many of them are regularly found under all 
For instance, a pump shaft may be built-up where worn, 
restore a muis-machined dimension, or, as is 
metal-sprayed during production to produce 
1 better wearing Or more corrosion-resistant surface on the area 
subject to wear or corrosion. One might almost separate out from 
the first group (/.e. reclamation of worn parts) repair work in 
which metallising is specified in order to produce a better wearing 
irface than the original. Reports from a large number of users 
indicate that they are not choosing the cheapest possible repair, 
but, particularly in cases of corrosion, are selecting a material 
superior to that of the original part. Typical examples are cast 
iron calendar rolls and hydraulic-rams, which, when re-conditioned 
by metallising with an appropriate stainless steel, are superior to 
the original items 


three 
or metallised to 
frequently the case, 


Welding engineers frequently ask one or more of the following 
three questions about the metallising process 

(1) What is the manner and adequacy of the bond between 
the coating and the parent metal? (“Will it come off?) 

(2) What provides the cohesion between the particles forming 
the coating? (“How does it stick together?”’) 

(3) What functions of the process substantiate its claim to be 
a valuable service complementary to welding? (“When 
should it be used?"’) 


All classes of work in which metal to metal fusion is essential, 
as, for example, joining two parts of a fractured casting, are 
unsuitable for metal spraying. The application of metal to 
strengthen substantially a dangerously weakened component 
should also be excluded, and, of course, the fabrication of items 
requiring strength at the joints or seams. What, one may ask, is 
left for metal spraying? This paper seeks to indicate very briefly 
some of the ways in which metallising can be profitably employed 
as a complement to welding 


“Will it come off?" 

A second method of sub-division of the subject is by technique, 
and since proper preparation of the work-piece prior to spraying 
is of the utmost importance, the methods of preparation form a 
convenient classification. The common methods (in 
chronological order) are as follows 

(1) Grit-blasting This is 
reclamation except for 


means of 


rarely 
thin coatings 


employed on machinery 

It produces the poorest 
bond and is too subject to the limitation of human judgment in 
assessing its quality. It must produce a clean surface with the right 
kind and degree of roughness 

(2) Rough threading.— This was the first attempt to produce a 
bond superior to that obtained by grit blasting, and is still employed 
by some users of the process for preparing shafts that have a 
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sufficiently wide margin of safety. It must not be assumed that 
any kind of rough thread may be used, since the method requires 
a tearing of the metal surface to form barbs under and around 
which the sprayed deposit may lock itself. A painstaking operator 
can produce reasonably consistent results on mild steel, but cast 
material and many alloys cannot be made to produce strong barbs 
by this method 


(3) The Rotary Shaft-preparing Tool Method.--This seeks to 
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Fig. |.—Rotary Shaft Preparing-Tool Method. 
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produce consistent results on a wide variety of materials without 
particular skill on the part of the operator. It employs a device 
similar to a knurling-tool, except that the cutter is made up of 
five thin, toothed blades riveted together with the teeth staggered. 
The work is grooved or threaded with a round-nosed tool and 
subsequently roughened with the rotary cutter. This latter operation 
spreads the ridges between” the grooves in such a manner as to 
lock securely the metallised*coating to thefbase and produce the 


Fig. 2.—Preparation by Electrical 


Pitting Process, showing Mild-Steel 
Base, Bonding Layer and Metallized Stee! Coating. 


strongest mechanical bond, the limiting factor of which is the 
tensile strength of the sprayed metal. This method was introduced 
into Britain just prior to the war and there are now many thousands 
of users. It is limited to those materials which can be turned. 


(4) Electrical Pitting Process.—This is an electrical method of 
preparing parts and has the advantage that it can be employed 
on such hard steel parts as by reason of extreme hardness could not 
be prepared by any of the foregoing methods. It is somewhat 
similar to resistance welding, in that it requires a transformer 
(9 volts 340 amps.) and uses nickel alloy electrodes, held up to 
six at a time, in an air-cooled holder. The electrodes are stroked 
across the work-piece and produce a large number of closely 
spaced small-craters, each roughly surrounded by a deposited 
overhanging edge which acts as a key for subsequent sprayed 
metal. Although this process has made some headway in this 
country—and, indeed, enabled many important classes of work 
to be carried out that would otherwise have been impossible—it 
has been largely superseded by a more recent process which 
requires no equipment additional to the metallising gun and is 
more economical. This new process demands only a clean steel 
surface—hardness being immaterial and roughness not essential. 


(5) Molybdenum Coating Process.—It employs a high molyb- 
denum wire and consists of spraying first a thin coating (between 
1 and 2 mil. thickness) of this material and applying a final coating 
of the appropriate metal. Although generally used for building-up 
steel parts, it can be employed with several other metals, and 
forms a bonding-coat for the application of any sprayable metal 
or alloy. The bonding material has a peculiar affinity for freshly 
cleaned steel on which initial oxidation has occurred to a thickness 
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of little more than molecular dimensions. Evidence suggests that 
the bond between the base and bonding material is achieved mainly 
by oxide-cementation, but microphotography reveals what appears 
to be a certain amount of fusion between particles of the coating 
and the base material. It will be sufficient for this brief survey to 
note that during the past three years many hundreds of users 
of metallising have adopted this new process as standard practice 
for all their building-up work on steel. In spite of the relatively 
high cost of the bonding material, so little of it is used to perform 
even large work that it actually produces better work at lower 
cost. Dissolved acetylene gas must be used, whereas most other 
metals and alloys can be sprayed with propane, hydrogen or even 
coal-gas. The melting point of molybdenum is so high that the 
common fuel-gases (other than acetylene) demand so much oxygen 
to effect the break-up of the metal that the particles become too 
heavily oxidised and too fine. This method of preparation requires 
the particle to have a comparatively large body of metal surrounded 
by an extremely thin oxide-film. Such a particle striking a freshly 
cleaned steel surface (which will itself have assumed a very fine 
oxide film) will produce a strong bond. This is due in part to fusion 
by metal to metal contact over a very small area in which the 
films on both base metal and particle have become damaged on 
impact. Oxide cementation between these films and between 
adjacent particles will also be strong under the conditions envisaged 
and so contribute to both the bond strength and the toughness 
of the coating. In addition to the fact that the tensile strength of 
such films is high if thin and low if thick, it will be obvious that the 
fusion of the molybdenum to the steel would be frustrated by a 
thicker oxide coating resulting from the use of a gas other than 
acetylene. The spraying technique differs from that employed 
with other materials in that the distance between the spray-gun 
and work-piece must be reduced and lower air-pressure employed, 


Fig. 3.—Interface of Molybdenum on Steel. 


while no attempt to obtain a fine spray should be made The. 
jagged edges of the abnormally large particles so produced provide 
an excellent key for a subsequent coating of an appropriate metal. 
To eliminate risk of failure due to faulty gas and oxygen regulator 
gauges the correct mixture of gases should be ensured by the 
inclusion of a flow-meter in the system when preparing parts by 
the molybdenum spraying method, otherwise some skill is required 
to recognise the suitable flame conditions, but in the author's 
opinion it is quick, simple and reliable and likely to remain the 
chief method of building-up metallising-preparation for many 
years to come. 
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fumon to the base but rather corrosion resistance and extreme 
hardness, which can be the equivalent of Brinell 600. It is relatively 
costly and is not a “cold” process in the sense that the word is 
used im connexion with conventional metal-spraying. The fact 
that its use is so far almost exclusively confined to certain classes 
of work demanding exceptional hardness and corrosion resistance 
indicates, the author suggests, that engineers generally have 
accepted the modern methods of bonding sprayed metal without 
fusion as adequate for their purposes 

Having briefly considered the methods of bonding, reference to 
Table | shows the relative bond-strengths achieved by the various 


Table I. 





Estimated 

34 per cent. Ni Steel Base 
Type of Preparation 

Ibs./in.2 
54,000 
30,000 
27,000 
35,000 
39,500 
33,000 
41,000 


Blasted with sharp steel grit 
Rough threaded 

Rotary shaft tool method 
Electrical pitting process 
Molybdenum on smooth surface 
Molybdenum on 24 threads/in 
Plain polished specimen 


techniques and indicates their influence on the parent metal 
While these figures are certainly of academic interest, the fact 
remains that the process has proved its reliability, and the adequacy 
of a properly prepared bond is illustrated later in this paper by 
the practical examples quoted 


“How does it stick together ?"’ 

To get a conception of the circumstances which cause the 
particles of sprayed metal to join together, one must consider 
what happens when the wire becomes heated and atomised. The 
heating may, and in some cases does, result in melting the wire, 
and in other cases the temperature of the metal is merely sufficient 
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Pig. é-Goction through Spray-Gun Nozzle, showing heating and deposition 
of jetsl. 


to enable an air blast to tear it into small particles which are 
projected on to the receiving surface. In transit, a particle which 
iS approximately spherical in shape, tends to cool more rapidly 
externally and to form an oxide film all over its surface. On impact 
it flattens and becomes an irregular disc somewhat thicker in the 
centre than at the periphery. A rough and ready analogy is found 
in flattening an orange, when the peel can be considered as 
representing the oxidised cooled outer layer of the particle. Pressure 
on the orange would cause radial cracks in the outer crust opening 


Endurance Limit 
2 « 107 cycles 
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up with the flattening operation to form deep fissures. This is similar 
to what happens to the particle at the instant of impact, but in the 
case of the metal sprayed particle we are dealing with a compara- 
tively hot body which chills rapidly on impact by dissipation of 
heat to the base material, thus setting up severe contraction 
stresses which tend to lift or retract the outer edges of the particle 
until a roughly saucer-shaped form is achieved. All this takes 
place almost instantaneously and subsequent particles are follow- 
ing up behind and around the one that has been considered. It 
will be obvious that there is therefore a ready-made means of 
interlocking the particles by virtue of these torn outer edges. This 


Preparation Methods in Relation to Strength 


Relative Stress 
Concentration 
Factor 


Axial Shear 
Ibs./sq.in. 
2 in. dia. Cyl. 
0-2 in. wide 
1,200 
7,990 
6,000 
9,000 


—_ Shear 
$q.in. 

1 in. dia, x2 
5/16 in. xO-2 helix 


3,150 
14,700 
25,400 
24,100 
8,800 20,550 
9,980 24,700 
This specimen not sprayed 


interlocking provides most of the tensile strength of the coating 
in a plane parallel to the surface. 


A second means by which the particles hold together is attribut- 
able to oxide cementation between the surface of adjacent particles. 
Indeed, in a plane perpendicular to the surface being treated, the 
tensile strength is due almost exclusively to this oxide to oxide 
joint. Here and there throughout a coating it will be found that 
particles have followed so closely one on the other that they 
have actually welded together. The incidence of this inter-particle 
fusion varies inversely with the distance of the spray gun from the 
work-piece, within certain limits. However, no attempt to take 


Fig. 5.—Metal Spraying Diese! Crankshaft Journals. 


advantage of the welding of the particles is normally made, other 
considerations, such as work-piece temperature, hardness of 
coating and oxide content, governing the spraying distance. 

In the case of a coating on a truly cylindrical work-piece the 
tensile strength is much greater measured either parallel to 
axis or tangentially to the circumference than normal 
surface; indeed the difference may be as great as eight or 
one. In order to obviate this, when tough coatitgs 
it is usual to thread or groove the surface, so 
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do not all lie in one plane. This technique is often erroneously 
attributed to bonding requirements. Thus, although it is possible 
to build-up a true cylinder and obtain a very strong bond in a 
manner described above, much more uniform tensile strength can 
be obtained throughout the coating by corrugating the surface, 
as by threading, even if the thread is quite smooth 


One further point is worthy of attention in connexion with the 
cohesion between the particles. In the early days of building-up 
by metal spraying a common failure was that known as layer 
separation. Once it is appreciated that most of the oxidization that 
occurs on the particles is after impact, it is easily recognised that 
slower passes up and down a work-piece will apply laminations 
having a greater amount of oxide at the interface. While it is 
possible to avoid this altogether by making a single slow pass 
with the gun and building-up the requisite amount during the 
one pass, this is not good practice, since it exposes the prepared 
base to loose metal and oxide dust splashed on to the surface before 
the slow-moving gun reaches it. A further disadvantage of the 
single pass method is local overheating giving rise to severe 
contraction stresses. For all normal purposes, then, a good bond 


Fig. 6—Weir Pump Barre! being lined by metaitizing as a regular 
production process. 
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and a tough coating require considerable roughening of the 
parent metal. 


“When should it be used ?"" 


The main headings under which applications of building-up by 
metallising fall are as follows 


(1) Journal Bearings.._Crankshafts are perhaps the best example 
of this class of work, since they are subject to severe alternating 
stresses and particularly in the case of diesel engines have consider- 
able compressive stresses. Crankshafts reclaimed by metallising 
usually give superior service to the original. This is undoubtedly 
due to the excellent oil holding properties of the somewhat porous 
sprayed-metal coating. By virtue of retaining an unbroken oil film 
a metallised crankshaft is not subject to dry-starting conditions 
Furthermore, the most appropriate wearing material may be 
employed for the journal surface of a metallised crankshaft, 
whereas the designer of the original shaft used for his bearings a 
metal which was most appropriate to the general design of the 
crankshaft, being commonly selected for forgeability, toughness, 
etc., sometimes even at the expense of wearing properties. Specifica- 
tions, generally very similar in important features, have been 
drawn up governing the reclamation of shafts by metal spraying 
by such bodies as the British Admiralty, American Ordnance 
Department, American Welding Society, Canadian Government 
and metallising equipment manufacturers. If the recommended 
techniques are followed scrupulously, failure of the coating is no 
more likely to occur than failure of a solid shaft. Although crank- 
shafts are mentioned as a typical example, the list of applications 
under this heading is very extensive. To mention only a few, it 
includes the wide variety of journal bearing applications met with 
in industry, such as roll-necks, machine-tool spindles, plain 
bearings in electric motors and dynamos and ships’ propeller 
shafts. 


(2) Packing Areas.—Both rotary and reciprocating shafts and 
rods operating in glands provide excellent scope for metallising 
Turbine gland areas are an example. Pumps of most kinds lend 
themselves similarly to reclamation by the process 


(3) Restoration of Fits.-Although the point or line contacts to 
which ball and roller-bearing races are respectively subject, are 
not a good application of the process, one common repair in 
connexion with such bearings is the restoration of the shaft fit 
in the inner race and the reclamation of housings to take outer 
races. This is widely used throughout industry. There are, of 
course, many other applications where the process can be employed 
for restoring a fit, as, for example, a gear wheel which has become 
loose on a shaft. It is interesting to note that in numerous cases 
in which “solid” shafts pressed into mating members and subject 
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to alternating stresses have failed by frettage corrosion, similar 
conditions have been completely withstood by an initially lubricated 
metallised surface. It was usual to reduce the shaft diameter by 
at least 2 per cent., and on small shafts to have a minimum coating 
thickness of 15 mils Withflater methods a press-fit can be restored 


Pig. @.— Damaged Bronze Castings salvaged by spraying 140 ibs. wt. Bronze 
where distorted. 


by merely cleaning the surface and applying a thin coating of the 
high molybdenum wire, which, if necessary, can be carefully 
ground to a thickness of as little as 1 mil. or even less. This makes 


Mr. Stanbridge’s Paper 


(continued from page 25) 


offers the advanced designer the greatest scope in his work. The 
removal of the necessity to take account of corrosion would help 
him to obtain the full economies of advanced design and metal 
spraying will eliminate this factor. In order to achieve the utmost 
economy in the metal spraying of structural steel, it should be 
applied to the straight sections by an automatic process at the 
rolling mills, If, then, it were possible to cut and fabricate these 
sections by welding in the steelwork contractors’ yard, it would 
only be necessary to touch up locally by hand at the joints. This 
economy will only be fully achieved when it is possible to weld 
to steelwork sprayed with either aluminium or zinc, or a combina- 
tion of the two, with ordinary techniques and in almost any 
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for extremely economical restoration of fits which require close 
dimensional tolerance 


(4) Hard Surfacing.—-This has been referred to in connexion 
with a preparation method but is not limited to the particular 
technique therein described. It is now common practice to metallise 
common mild steel components with either a high-carbon steel 
or a hard, alloy-steel to produce a hard surface. Perhaps the best 
example of the latter is a pump-shaft subject to abrasion, when a 
cheap material can be used for the shaft except for the working 
surface subject to such abrasion. 


(5) Defective Castings.—Although metallising is limited to 
improving the appearance of a casting or sealing a crack or porous 
area and thus cannot be used for strengthening substantially a 
defective item, its use in foundry work has increased enormously 
during the last decade. Unfortunately it is a side of metallising 
which receives practically no publicity and the reasons for this are 
obvious. Unless or until the user of a commodity is sufficiently 
educated to recognise that his casting is not less effective by reason 
of metallising, there will always remain a tendency for the manu- 
facturer not to disclose that the part has been reclaimed by 
metallising. Fortunately more is becoming known about the 
process and this situation will tend to disappear. Processes such as 
welding and metal-spraying do not remain static—developments 
are taking place all the time. Many people subscribe to the view 
that in the years to come the present limitations imposed on the 
metallising process will be removed. The author hopes that all 
will agree that in its present state of development, as illustrated by 
the applications described, it fulfils certain functions which make 
it worthy of consideration as a process closely allied and adding 
value to conventional welding services. 


position; and we want full strength welds. 


I have shown earlier that even with the present system and at 
present costs a metal-sprayed coat followed by a paint film gives 
the most economical treatment if considered over a building life 
of, say, fifty years. If the capital outlay could be reduced by the 
methods described, then the system would be doubly attractive 
and the best anti-corrosive protection could be achieved at a cost 
which would compare favourably with less satisfactory systems. 
A better protective scheme is not the only prize, and the saving 
in structural steelwork which would result from the more efficient 
use of advanced design should give the welding industry an 
incentive to solve the problem of efficient welding to metal-sprayed 
steelwork 
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SALVAGE OF WORN MACHINERY BY METAL SPRAY 


SALVAGE OF WORN MACHINERY BY 
METAL SPRAY 


By G. A. ONION 


N looking back over the years of my experience of metal 

spraying, as applied to the building up and reclamation of 
worn machine parts, I find the main points to which consideration 
must be given are as follows: 


(1) Will the Job Prepare Satisfactorily ? 


Preparation for metal spray means roughing, and this is placed 
first, as there is absolutely no doubt that good preparation is the 
prime consideration for successful metal spray application, 
particularly where ferrous metals are involved. 


In roughing the surface the aim should be to obtain such a 
bond that the adhesion approaches as near as possible the actual 
cohesion of the sprayed metal. This can only be obtained if very 
careful attention is given to the method of applying the roughing 
tools and the operator has fairly long and careful practice. 


The ideal base for metal spray would be a fibrous matt surface 
similar in appearance to a coarse Harris tweed, but as this is 
practically impossible to obtain economically, the principal 
preparation method used by my company is by tooling a series 
of fairly shallow grooves, wide at the base and narrow at the 
neck, into which the sprayed metal is directed. As the sprayed 
metal builds up and over these grooves or dove-tails, we are 
presented with a series of keys, which with the subsequent cohesion 
of the sprayed metal gives a very sound bond, and one which will 
not part or peel even when subjected to severe vibratory and 
repercussory loadings. 

The choice of tools for this work is important, as clean cutting 
must be avoided and a rough ripping action obtained, so that a 
circumferential keying is provided in addition to the aforementioned 
grooves. If this roughing process is carried out with care, the 
bonding is better than if spray be applied to spray 


When dealing with roughing it must not be assumed that a 
continuity of surface such as on cylindrical areas discussed is 
essential to the good application of metal spray, for patching can 
easily be undertaken and the roughing carried out by a combina- 
tion of hand chiselling and the use of a suitable tool from among 
the many pneumatic or electrical reciprocating tools on the market 


As an example of this I would cite a steam-heated cylinder 
some 10 ft. in diameter, which had become badly etched in places. 
To this, over the last two years, irregular patches of stainless steel 
some 6 in. to | ft. square in area were applied without any trace 
of peeling or scaling, even when, the initial patch having been 
appllied, the manager and engineer “had a go” with a hammer 
and chisel to make sure that the adhesion was there 


I have read that the shrinking action of the metal spray on a 
shaft or cylindrical surface is a factor to be considered for the 
“hold on” qualities when spraying, but think that this can be 
ignored, as witness the many thousands of bores, such as bearing 
housings, etc., which I have had sprayed, where the shrinkage 
might be expected to act the other way 


I cannot call to mind one failure due to peeling or cracking 
of a, bearing housing over the last ten years, and undue shrinkage 
stresses on cylindrical surfaces must be avoided when thick coats 
are being applied, or one is likely to be faced with surface cracking 
due to shrink strength overcoming the cohesion strength of the 
sprayed metal. 


(2) Nature of Wear and Metal to be Used 


We can, for the purpose of this paper, roughly divide wear 
into two categories—abrasive and corrosive. 


As abrasive we can group all the usual wear on journals and 


bearings, bearing housings, hammered fitment seatings, etc., 
generally caused by incorrect lubrication or lack of lubrication 


of the journals and bearings, the ingress of foreign macter to the 
bearing housings, and loose fitting pinions, pulléys, etc., on the 
shafts. 


In these cases the choice of metal is fairly simple: copy the 
parent metal as nearly as possible, be it ferrous or non-ferrous, 
and usually good results will follow. 


When a journal is run in babbit or white metal, however, it is 
advisable to use a sprayed metal having a nickel content, so that 
a fairly rapid work-hardened skin is formed. In actual practice 
use 18/8 stainless steel and form the requisite skin in the actual 
tooling. 


Another point which must be given consideration is the relative 
compressibility of metal spray, so that where an interference fit 
is required, as on ball bearing, pulley and pinion seatings, etc., 
due allowance must be made and somewhat greater interferences 
applied than with the original metals. 


This compressibility must also be taken into account when 
dealing with roll necks and mill journals, where the journal load 
can be measured in many tons. 


The amount of interference to be allowed varies of course 
with the metal deposited and also the depth of metal, but as 
a rough general guide when dealing with ferrous metals, for an 
interference fit one should allow an extra 0002 in. per 30 mil 
deposited 


(2a) Corrosive Conditions 


Where corrosion is encountered on bearing or wearing surfaces, 
such as pump glands and water seals, water lubricated metal 
bearings, pump rams, etc., the obvious choice of metal is either 
phosphor bronze or stainless steel. 


One of the outstanding features of metal spray is that almost 
any metal can be applied to dissimilar metals, so that if, say, the 
water seals of a phosphor bronze impellor are worn, they can be 
reclaimed by stainless steel, which has much better wearing 
qualities and will give protection against many corrosive liquids, 
such as canal and pit water and caustic fluid encountered in paper 
mills. 
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Similarly, phosphor bronze or gunmetal gland sleeves can be 
reclaimed by stainless steel and their life thereby prolonged 
considerably 

An instance of this type of work is illustrated in Fig. 1, which 
hows a 450 h.p. pump impellor and glands, which have been 
built up by stainless steel and are seen in process of being machined 
This purnp.ts used for pumping canal water for cooling purposes 
imi considerable trouble was experienced by excessive wear on 
the inner glands and the water seals, due to a combination of 
abrasion and corrosion. By utilising stainless steel the life of the 
water seals and glands was considerably lengthened, and this 
particular impellor has been in commission now for some eighteen 


months and shows no appreciable signs of wear, either on glands 
or water seals 


The preparation used was a good roughing cut on both glands 
snd water seals and the prepared seatings were then sprayed with 
stainless steel. Ordinary tooling with a tipped tool was used for 
machining and the final polish was obtained by carborundum 


application 


The actual time taken for the completed job of four gland 
seatings and two water seals was in the region of twenty hours, 
ind by the utilisation of the spraying process, involving approxi- 
mately 30 tb. of stainless steel, some 250 Ib. of phosphor bronze 
was saved, which would have been necessary for new gland 
astings and chills for shrinking on the water seals 


The next example (Fig. 2) is the large steam-heated drying 
ylinder in a paper mill, to which I have previously referred. 
Patches of it had become badly corroded and were causing 
breakages in the paper in manufacture. This cylinder is some 


10 ft. in diameter and 12 ft. long, and the work, of course, had to 
be undertaken on site 


The preparation used was a hand-roughing operation, using 
a combination of rake and chipping tool and irregular patches 
ip to | sq. ft. in area were undertaken at a time, as all work had 


to be carried out between 12 noon on a Saturday and 6 p.m. 
the following Sunday 


The metal used was 18/8 stainless steel and for finishing a 


grinding trolley was made up, which would follow the contour 
of the cylinder and was traversed backward and forward over the 
sprayed patch by the spraying operator and his assistant. 


To date some twenty patches have been put on this cylinder. 
The mill manager states that without this spraying the paper 
machine would certainly have been out of commission, so it is 
easy to see the value of the work undertaken in this instance, 
particularly as the cost of a new cylinder is in the region of £6,000, 
apart from the loss of production whilst a new one was being 
obtained and installed 


Fig. 3 illustrates a pulverising millshaft, the taper seatings for 


the pulveriser drum and driven pinion of which had become 
worn, due to hammenng 
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Because of the long delivery quoted for replacement shafts, ft 
was decided by the electricity undertaking involved to approach 
my company with a view to the possibility of metal spray. 

From previous experience on this type of equipment I had no 
hesitation in proposing an application of 18/8 stainless steel, and the 
method of preparation was again grooving, with particular attention 
to the walls surrounding the keyways. The metal was then sprayed 
in the usual manner. Finish was obtained by tooling and polishing, 
and despite the severe loading conditions of these shafts, | am 
assured by the engineer in charge that the surfaces sprayed are 
standing up to them better than the original metal. 

In this instance, apart from the time factor, the metal saving was 
approximately 100—1, that is, for every 1 Ib. of metal sprayed, 
100 Ib. of parent steel was salvaged, and the battery of four 
pulverisers was back into commission within a very short period 
from the initial enquiry 


Phosphor bronze and cast iron hydraulic pump rams are another 
example where the application of hard wearing and corrosive 
resistant metals is proving a boon to engineers, some of whom, 
such is their faith in metal spray, are having new rams sprayed 
with stainless steel before being placed into commission. 

Paper mills suffer badly from corrosion, particularly at the 
wet end of the paper machine, and here copper wire rolls are 
being sprayed with stainless steel to prolong their life. In another 
case, copper tube for a worn out felt roll was unobtainable, so a 
mild steel tube was substituted and sprayed with copper. 

One can go on for hours quoting examples, but it will be seen 


from the few chosen that metal spray can cover a very wide field 
of reclamation 


(3) Economics of Metal Spray 

When the cost of metal spray is considered by the engineer, 
one of the first things which should be taken into account is the 
length of service to be obtained from the finished article. 

All too often the cry goes up, “Good gracious, that is nearly 
(or more than) the cost of a new one.” It may be so, but if the 
sprayed job lasts twice or thrice as long as the original—or even 
longer—then the economy is obvious, and I maintain that apart 
from valuable salvage, the average wearing metal sprayed surface 
is far better than the parent metal. : 

This will be very apparent if we cast back to the example above 
of stainless steel being substituted for mild steel, cast iron and 
phosphor bronze. Even with a mild steel sprayed journal, practical 
tests have shown that its wearing qualities are far better than those 
of the parent metal, and in these days of material shortages ang 
long deliveries the uses of metal spray should be a nationg) 


consideration on the grounds both of the salvage and gen _. 
economy 
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ABSTRACTS FROM RECENT WELDING LITERATURE 


Abstracts from Recent Welding Literature 


(Compiled by J. L. Sanpens) 


This section of Transactions gives a selected list of abstracts from recent welding literature which it is considered 
will be of interest to members of the Institute. 


Publications mentioned in the lists below are available to members of the Institute and borrowers will facilitate matters 
if they will quote the appropriate reference number printed beside the periodical entries. 


ARC WELDING 


S21. KEYTE, J. B 


The effect of power-supply characteristics on D.C. 
welding 


Welding ) , vol. 30, 1951, Dec., pp. 1079-1083 


A study was made of the influence of variations in the slope of 
the volt-ampere characteristic curve and the machine time 
constant of a d.c. welding machine on spatter loss, deposition 
rate and penetration. All of the tests were run at the same 
operating point, using four motor-generator sets and a 36-volt 
battery circuit as power sources. Instruments for this in- 
vestigation involved the use of a 10,000-watt variable resistor 
to provide a variable load on the power source. In this manner 
the current and voltage could be measured accurately for 
plotting the characteristic curves. Also, a magnetic oscillograph 
was used in the determination of the time constant and the 
measurement of arc voltage and current. The results of this 
investigation show that neither the slope of the volt-ampere 
curve nor the machine time constant influence the pattern 
of the welding operations studied in any definite manner. 
(Author's Abstract.) 


ARC WELDING.—In Inert Atmospheres 


1522. HERBST, H. T. and McELRATH, T 


Sigma welding of carbon steels 
Welding J., vol. 30, 1951, Dec., pp. 1084-1091. 


Carbon steels may be successfully welded by the inert-gas- 
shielded metal arc process if 5 per cent. of oxygen is added 
to the argon stream. High welding speeds are claimed, and 
material down to 1/16 in. thick can be welded. The author 
discusses the effect of gas flow, arc voltage, current density 
and welding speed on porosity and of arc voltage and current 
density on penetration. The welding procedure is then 
described and a table shows optimum conditions for hand 
and machine operation. 


1S23. JACKSON, W. J. 


Theory and practice of inert-gas-shielded arc welding 
Sheet Metal ind., vol. 28, 1951, Dec., pp. 1131-1136 


The author outlines the basic principles of the process and 
describes the characteristics of D.C. and A.C., showing how 
the oxide film is disrupted by D.C. reversed polarity and by 
A.C. current. In the case of aluminium and magnesium welded 
by a tungsten electrode, A.C., partial or complete rectification 
may occur, resulting in poor oxide removal, arc instability 
and saturation of the transformer core. Methods of suppressing 
the D.C. component are given and the use of a high frequency 
current to facilitate arc stabilisation is described. The choice 
of welding current depends upon the material to be welded, 
and the author deals with the factors which govern electrode 
size and the shielding gas to be used. By making use of the 
dee memes properties of the arc, s welds may be 
me 4 rom one side of the assembly only. This is of use when 
the other side is inaccessible, but cannot compete with the 
resistance process by reason of its relatively high cost. 


1524. ZENO, R. S. and LESLIE, H. L. C. 


The inert-arc welding of thin-walled tubing 
Welding J, vol. 30, 1951, Nov., pp. 986-992. 


basic joint designs. The effect of the following was investigated: 
type of current, type of gas, gas flow, type of electrode, arc 
length, arc current and voltage, air eddy currents, travel 
speed, cleanliness of joint, joint fit and design, cleanliness of 
electrode and arc starting methods. The equipment and 
testing procedure are briefly described, and from the results 
it is concluded that all the materials mentioned above are 
weldable, coated electrodes should be used, vapour degreasing 
is advisable, a press-fit insures sound joints and that a proper 
heat balance in joining heavy and thin sections is essential. 


BRAZING 


1$25. CLASON, C. B. 


New wrinkles in heat exchangers 

Welding Eng., vol. 36, 1951, Novw., pp. 33-35. 

The brazed units described were constructed in aluminium 
to withstand pressures up to 1000 Ib. per square in., and 
temperatures ranging from — 300 deg. F. to deg. F. The 
units are claimed to be far more economical as regards space, 
weight and cost than conventional equipment, and are 
assembied by a special brazing process. The aluminium sheets 
are coated with a thin layer of 925/7} aluminium-silicon alloy 
at the rolling mill, which serves as the brazing medium, This 
coating melts at 100 deg. F. below that of the main assembly 
and the brazing operation is carried out in a flux bath. 
It is claimed that the corrosion resistance is as good as a welded 
assembly. Details of cleaning procedure and flux removal are 
given 


1526. WARRING, R. H. 
Hydrogen in brazing and welding 
Mech. World, vol. 130, Dec. 21, pp. 567-570, p. 574 


The author outlines the controlled atmosphere furnace copper 
brazing and the atomic hydrogen processes. 


1527. WASSERMAN, R. D. and QUAAS, J. 
Dilution and diffusion of non-fusion welding 
Welding J., vol. 30, 1951, Dec., pp. 1098-1101 
Hitherto the choice of a brazing material for a specific purpose 
depended upon experience and empirical formulae. The authors 


show how the application of physical and chemical laws has 
led to a better understanding of the process. 


BRONZE WELDING 


1528. MUSTED, G. G. 
Reclamation of iron castings by reinforced bronze 
welding 
Welding and Metal Fab., vol. 20, 1952, Jan., pp. 25-26. 
The author describes three methods of repairing castings 
which obviate the need for deep grooving and which con- 
siderably reduce distortion. Details of the welding procedure 
and sequence are given. 


FINISHING OPERATIONS 


1529. ANON. 


Use of abrasives in modern fabrication 
Welding and Metal Fab., vol. 19, 1951, Dec., pp. 457-462, 
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FLAME HARDENING 
1$30. ANON 


Oxy-acetylene flame hardening 

Weiding and Cutting News, vol. |), (95!, Oct., pp. 3-26 

The author describes the principles of surface hardening and, 
in some detail, the specialised machines developed for produc- 


tion work. The article is illustrated by micro- and macrographs 
and by photographs of the equipment 
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; in., multiple projection weiding of 16 s.w.g. steel sheet, and 
resistance bolt welding by fusion and solid phase processes. 
it ts concluded from the results of these researches that light 
alloy spot welds have good static but unknown fatigue 
properties, the importance of adequate cleaning being 
emphasised and that instrumentation as a means of checking 
machine settings should be more generally adopted. The 
problem of mains voltage fluctuation was investigated and it is 
stated that the formulation of standard practices can be of value 


in minimising its effect. 


1$3). SMITH, $ 
Flame hardening proves versatile heat treating method 
ron Age, vol 168, 195!, Nov. 22. pp. 96-98 


This article describes a special machine constructed for flame 
hardening ‘rolls 


RESISTANCE WELDING.—Fiash butt 
1536. RUHLMAN, J. and NYE, B. E. 


High hardenability steels flash welded automatically 
iron Age, vol. 168, 1951, Dec. 20, pp. 95-99 


The use of flash welding in the production of aircraft landing 
gear is described and a list of the material sizes and alloys 
welded on an 800 KVA machine is given. All the members 
of the landing gear are tested to a stress of at least 70 per cent. 
of the designed yield stress, and tests to destruction are 
made before the commencement of a new job. Data collected 
during previous years is used to determine empirical formulae, 
which are helpful in making the original machine settings. 
Only 2 per cent. of the welds have failed to pass the tests 
and a saving of 40 per cent. in welding time is claimed by 
changing from conventional to automatic flash welding. 


MANIPULATORS 
1832. BERKELEY, J 


Welding Fixtures for use with submerged arc 
Welding J., vol. 30, 1951, Nov, pp. 977-985 


The author describes a large number of special purpose 
manipulators designed for use with this process. It is noted 
that each product generally requires a special positioner, but 
that they fall into two distinct classes, one designed for circum- 
ferential and the other for longitudinal welding. The use of 
this special equipment is essential for the success’ cessful application 
of automatic submerged arc welding to production. RESISTANCE WELDING.—Spot and Projection 


1537. KLINGEMAN, W. E. and KRUER, H. H. 


ame and projection welding using magnetic electrode 
force 


Welding J., vol. 30, 1951, Dec., pp. 1073-1078. 


The electrode pressure is applied by an electromagnet in- 
corporated in the secondary circuit of the machine and the 
following advantages are claimed: the current-force-time 
relationship assures uniform, consistent welds, improved 
electrode life, tendency for automatic compensation of weld- 
ing heat during line voltage change and electrode variations 
and electrode pick-up on coated materials is minimised. The 
article contains diagrams and illustrations of the equipment. 


METAL SPRAYING 


1533. CHAMPION, F. A. 


Sprayed aluminium-base coatings for aluminium alloys 
Metal ind., vol. 79, 1951, Oct. 26, pp. 355-358 


The poor corrosion resistance of the high strength copper- 


aluminium alloys may be greatly improved by spraying them 
with coatings of 99-6 per cent. purity aluminium. The author 
describes an investigation in which various alloys were sprayed 
with aluminium of different purities and then subjected to salt 
spray tests, the results being summarised in a table. It is 
important that the anode potential of the coating is higher 
than that of the base metal in order that preferential attack 


on the coating will take place if the latter is penetrated. RESISTANCE WELDING —Spot and Seam 


1538. NIPPES, E. F. and SLAUGHTER, G. M. 
Seam welding of Monel metal 
Welding J., vol. 30, 1051, Nov. Supp., pp. 537-544. 


PRESSURE WELDING 
1534. GARDNER, F. S 


Hot-pressure welding 


Welding J, vol. 30, 1951, Now. pp. 995-1003 


Following a brief historical introduction, the author shows 
how different types of joint and section require special equip- 
ment, and by means of a table, the dissimilar metal combinations 
that can be welded. Various methods of surface treatment are 
described, and charts reveal the relationship between load at 
fracture, die temperature and heating time, the role of the latter 
being to facilitate proper heat penetration and annealing. The 
design, quality control and present welding technique for lap 
joints in aluminium are discussed and the equipment used, 
details of die design and composition are described. Figures 
for die temperature and pressure, heating time and deformation 
are given for various aluminium products. 


The authors describe research carried out on the seam welding 
of Monel sheet in thicknesses from 0-0102 to 0-062 in. Optimum 
conditions were determined for each thickness of material and 
the factors determining the proper values of the welding vari- 
ables are discussed. The criteria of satisfactory seam welds are: 
(1) po” nae in the weld nugget, (2) good nugget penetration, 
(3) sufficient weld overlap to insure a pressure-tight seam and 
(4) a wide current range. The welding current range varies 
with the thickness, the upper limit being determined by the 
point at which expulsion occurs with the thicker gauges, 
and the point at which electrode sticking occurs with 
thicknesses below 0-062 in. The pillow test was found to be a 
valuable aid in determining the strength and pressure tightness 
of seam-welded joints. Methods of reducing sticking of the 
Monel sheet to the welding electrodes are discussed. 


1539. ROBERTS, W. L. 


RESISTANCE WELDING Resistance variations during spot welding 


1835. DIXON, H. E. and TAYLOR, H. G 


Resistance welding research progress by the British 
Welding Research Association r 


Sheet Metal ind., vol. 28, 1951, Dec. pp. 1121-1130, p. 1136. 
The authors describe the ee undertaken by the Associa- 
tion on the spot welding of the high strength aluminium 


alloys D.T.D. 687 and 6108 employing condenser discharge 
equipment, and mild steel in thickness ranging from 24 s.w.g. to 


Welding }., vol. 30, 1951, Nov., pp. 1004-1019 


The author makes a survey of resistance variations during the 
spot welding of low carbon steel, stainless steel and 3S 
aluminium alloy. He describes first the methods of measuring 
these variations and then, with the aid of a large number of 
curves, the relationship between resistance and electrode 
force, resistance and current, instantaneous resistance and 


time of current flow, etc. Oscillographs illustrate the voltage 
and current waveforms. 
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WELDABILITY.—Ferrous.—Alloy Steels 


1840. BALL, J. G. and COTTRELL, C.L.M 


The weldability and mechanical properties of a series o 
low alloy steels 


J. tron and Steel inst., vol. 169, 1951, Dec., pp, 321-336. 


An investigation of the weldability and mechanical properties 
of a series of 27 experimental low-alloy manganese-nickel- 
chromium-molybdenum steels of constant carbon and molyb- 
denum content is reported; four nickel-free (0-! per cent.) steels 
and four containing copper were also tested. All the steels were 
made in small high-frequency induction-furnace melts, the weld- 
abilities in the normalised condition being determined by a 
modification of the Reeve fillet-weld cracking test. The mild 
steel metal arc electrodes used had a rutile base coating. 
Diagrams indicating the effect of steel composition on mee 
ability were constructed, and were compared with others 
indicating the mechanical strength of the steels in both the 
normalised and tempered conditions, these comparisons 
leading to a range of compositions giving the best combination 
of weldability and mechanical strength. The micro-structure 
of the steels in the normalised condition has been related to 
their weldability, and the effect of tempering temperature 
after normalising on the mechanical properties and micro- 
structure of one of the steels has been investigated: evidence to 
support a significant relationship observed has been obtained 


from a number of the other steels of the series. (Author's 
abstract.) 


1541. STARR, J. 


Welding the super alloys 
Welding Eng., vol. 36, 1951, Dec., pp. 35-37, p. 54 


The procedures to be adopted when welding high alloy steels 
and nickel base alloys are outlined, and recommendations for 
their heat treatment are given. The techniques employed in 
the repair of zinc base dies, used in the forming of these 
materials, is described. 


1542. NOREN, T. 


The metallurgical principles of stage welding 
Machinery Lioyd, vol. 23, 195!, Dec. 8, pp. 106-114. 


This method is based on the principles of stage hardening. 
Certain steels exhibit a time lag in changing from the austenitic 
state when cooling and if welding is carried out during this 
interval, cracking is claimed to be eliminated. The author 
describes the welding and hardfacing techniques for tool and 
high speed steels, and notes that this process should prove of 


value at the present time because of the shortage of these 
materials. 


WELDABILITY.—Ferrous.—Malleable tron 


1543. MEARNS, W. C. 


What you should know about welding ductile iron 
Welding Eng., vol. 36, 1951, Nov., pp. 45-47 


The author describes the characteristics of ductile iron. An 
8-in. pipe welded with a 60/40 nickel-iron electrode burst at 
4300 ib. per square in., the weld remaining intact. This elec- 
trode seems to be the most suitable found to date, and pre- 
heating to 600 deg. F. minimises the tendency to cracking. 
Annealing after welding increases ductility 


WELDABILITY.—Ferrous.—Stainless Stee! 


1844. GOODFORD, J. A. and KAUFMANN, D. W. 


Welding unstabilised austenitic stainless steels without 
carbide precipitation 


Materials and Methods, vol. 34, 1951, Nov., pp. 64-65 


By rapidly cooling the heat affected zone within one minute 
of welding, carbide precipitation can be avoided. The authors 


describe the techniques which can be used for one or two 
operators. 


145. ROLLASON, E. C. and BYSTRAM, M. C. T. 
Hot-cracking of austenitic welds 
J. trom and Stee! inst, vol. 169, 1951, Dec., pp. 347-352. 
A study has been made of the influence of grain size, strain, and 


bend and hot tensile tests 

in the austenitic alloys occur at temperatures above !250 deg. 
C. Contributory factors are internal stress, heterogeneity 
of structure, and high sulphur content. The addition of I-!} 
per cent. of niobium, with more than -09 cent. 
of carbon has a beneficial effect when silicon is (0-2- 
0-4 per cent.). High silicon contents are detrimental. To 
explain micro-cracking a hypothesis is suggested based on the 
et eg ee Cee 
the effect of the presence of ferrite is also explained. 
(Author's abstract.) 


1546. SWAAL, J. H. VAN 


Structural changes sabotage corrosion resistant liners 
tron Age, vol. 168, 1951, Nov. 8, pp. 138-142. 


Structural changes such as weld decay, 885 deg. F. embrittlement 
or sigma phase formation may occur in the liner material due 
to high service temperatures or welding. The author examines 
the effect of the various alloying elements on the corrosion 
resistance of the material and s how the choice of the 
correct composition prevents undesirable properties. He 
emphasises the necessity for the regular inspection of clad 
steel liners as they may become damaged by uneven expansion 
and shrinkage. When repairs have to be made, overlapping 
welds should be avoided and type 316 electrodes are recom- 
mended. A chart shows the relationship between mechanical 


properties and annealing temperatures of an |8/8/3 titanium 
steel. 


WELDABILITY.— Non-Ferrous.—Copper Alloys 


1547. IMPERATI, J. and HOOK, |. T. 
The welding and brazing of copper alloys 
Welding j., vol. 30, 1951, Dec., pp. 1102-1107. 
The authors cover very briefly the soft soldering and silver bra- 
zing of a range of copper alloys, and discuss the merits of these 

braze welding. They then discuss the welding processes 

that can be used joining copper, low zinc alloys, high zinc 
alloys, nickel silvers, cupronickels, phosphor bronzes, copper- 
silicon alloys, and the aluminium bronzes. The essential condi- 
tions for resistance welding the above materials are outlined. 


WELDABILITY.—Non-ferrous.—Magnesium Alloys 


1548. NELSON, R. L. and MATTSON, I. C. 
Welding magnesium alloys 


Metal ind., vol. 79, 1951, Dec. 7, pp. 475-477, Dec. 14, pp. 495-498 


Excellent static properties are obtained with spot welded joints 
in these alloys, but fatigue strengths are relatively low. It is most 
important that all traces of copper pick-up on the sheet 
surfaces are removed, otherwise galvanic action may occur in 
service. Providing that the work can be welded soon after 
surface preparation, mechanical cleaning is satisfactory, but 
for quantity production chemical cleaning is recommended. 
Flash welding with id automatic push-up has been 
accomplished. Stress relief has been found unnecessary with ail 
except the “hot short” alloys, which can be weided with the 
shielded arc process. Sheet containing calcium in excess of 
0-04 per cent. proved difficult to weld and various precautions 
are given. Tables show the recommended heat treatment for 
various alloys. Gas welding practice is outlined. 


WELDASBILITY.—Non-ferrous.— Nickel Alloys 


1549. ROSENBERG, A. J. 
Welding Inconel “W" sheet 
Steel, vol. 129, 1951, Nov. 5, pp. 99-102. 


For spot and seam welding, the 
using high eee. and slow 
inert-gas-shielded 
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to ageing increases the strength of welds in this alloy by molybdenum, fine grain aluminium killed steel, the largest 
approximately SO per cent. and curves show the stress rupture being 16 in. in diameter. Details of preheating, welding and 
results at | deg. F. for spot welds in 0-045 in. material and testing are given. 

for inert-gas-shielded arc welds in 0-062 in. material. When 

employing the latter process it is necessary to use a filler rod 

for good results and metailic arc welds made with Inconel X 

electrodes have strengths comparable with the base metal. WELDED CONSTRUCTION.—Pipes 


1555. ANON. 
WELDED CONSTRUCTION Straight-line production of pipe 
1580. ANON Welding Eng. vol. 36 1951, Nov., pp. 48-50. 


Heavy Fabrication at Redcar The author outlines the automatic production of resistance 
Welding ond Moca) Fob. wot. 20, 1952, ten. pp. 1421 welded pipe from the plate material to the finished product 


This article describes the welding department of a large firm 


in the north of England and reviews some of its products, 


including gear blanks, electric motor and generator com- epa 
ponents, power station equipment, press frames, ship stern WELDED CONSTRUCTION.—& ive 


frames, rolling mill and fabricating equipment, etc. The welding 1556. JOHANNESEN, J. K. 
equipment in use is described in some detail 


Aspects of pressure vessel conversion 
Welding & Metal Fab., vol. 19, 1951, Dec., pp. 474-475. 


WELDED CONSTRUCTION.—Bicycles The author describes the procedure adopted for repairing 
1881. ANON defects in two Lancashire boilers, converted for the manu- 


facture of a bitumen based tropical solution. Drawings show the 
Production of the all-welded bicycle welding details 


Welding and Metal Pab.. vol. 19, 1951, Dec, pp. 450-456 


The author describes the construction of an all-welded machine, 


pa ons reference to the welding and jigging equipment WELDED CONSTRUCTION.—S Metal Work 


1557. GARDENER, R. 
Electri Iding of light heet metal 
WELDED CONSTRUCTION.—Buildings ee ee ee 
1552. GROVER, L Mech. World, vol, 131, 1952, Jan., pp. 12-13 


Saved steel, cut costs The author shows why electric arc welding is preferred to 
Welding Eng., vol. 36, 1951, Dec., pp. 25-27, pp. 42-43 other methods of fabricating light gauge sheet metal work, 
This article deals with the design of welded trusses for a and describes s novel method of tacking component perts. 
hospital building in New York, and it is shown how an allowance 

has been made for plastic yielding to take place at mid-span, 

should the combined stress rise above the yield stress. A 

saving Of 67 tons on the weight of a similar riveted girder WELDERS.—Safety and Health 


was made 1558. ANON. 
Cadmium fume hazard 
WELDED CONSTRUCTION.—Design Welding Si, at, 90, S065, Maw... op. 102- tee 


1$$3. LIGHTFOOT. E The inhalation of even very small quantities of cadmium fumes 


can prove fatal and respirators must always be worn when 
A method of analysis of the continuous Vierendeel girder welding plated material. Spot tests are given to differentiate 


Structural Eng., vol. 29, 1951, Nov., pp. 293-296. between cadmium and zinc plated articles, and it is noted 
The Author describes a method of analysis for a girder with chet two — are eregen Faery eye eg — of exposure 
one or more redundant reactions, which is based on the to cadmium fumes during welding in the U.S.A. 
Siope-Deflection principle. Approximate methods of solution 

by static analysis and equivalent beam are outlined. 


1SS9. GREENBERG, S. A. 


WELDED CONSTRUCTION.—Excavating Equipment Safe practice in oxy-acetylene welding and cutting 
Welding J., vol. 30, 1951, Nov., pp. 1020-1025. 
1554. Anon. 


The wortd's largest walking éragtine safety precautions which should be taken in its operation and 
Welding and Metal Fab.. vol. 19, 1951, Dec., pp, 466-473 storage, and the correct protective clothing to be worn. It 
A description of the welding of the 282 ft. tubular boom of is noted that the safe practice is always the most efficient 
the W.1400, the tubes being made of a high tensile chromium- practice. 


This article deals with the proper use and care of equipment, 
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ARGONARC 
WELDING 


In the fabrication of food containers and kitchen equipment, where great 
strength must be combined with a satin-smooth finish, Argonarc Welding 
is proving a valuable aid. The milk churns show the robustness, and the 
porridge vat the high degree of finish, achieved by this established welding 
process. 


Ask for details of Argonare welding—the B.O.C Sales Technical 
Service Department is ready to help ee 


BO) THE BRITISH OXYGEN CO LTD 
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Choose welding wire as you'd choose a job! 


* 


. . . for your job depends on it! That’s why it should be suitable 
in every detail—correctly made from first-class materials and 
supplied to exact analytical requirements. For these reasons most 
electrode manufacturers specify Johnsons wire. Long experience 
has taught them to depend on it completely as the basis of the 
most reputable electrodes. 


ROD ROLLING. Steel Billets 30 feet long entering the 
first “stands” of Johnsons modern rolling mill. in 


approximately 47 seconds they emerge as rolled 
rod. 


JOHNSONS 


\* 8 8: @ See FOR THE WELDING INDUSTRY 


RICHARD JOHNSON & NEPHEW LTD., FORGE LANE, MANCHESTER, Ii! 
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SAFE, CLEAN and NON-TOXIC. 


Most existing equipment can be used without modification 
to operate with PYROGAS or SUPER PYROGAS 


* We should be glad to arrange A boosted form of Pyrogas providing 
a demonstration at your works. increased heat penetration, fast pre- 
heating . . . developed for high speed 
precision cutting by machine and 

other special applications. 


BRITISH CUTTING GASES LIMITED 


HEAD OFFICE: DOWNSHIRE HOUSE, ROEHAMPTON LANE, LONDON, $.W.IS. 
Telephone: PUTney 7742. Telegraphic Address: PYROGAS. PUT. LONDON. 


. BIRMINGHAM - GLASGOW - LONDON - MANCHESTER - 
BRANCHES : SOUTHAMPTON (LYMINGTON) - SUNDERLAND - THORNABY-ON-TEES 


Associated Companies: 


For all equipment: 
Gas cutting, weld- 
ing, heating, etc. 


GRITISH GAS AND TORCH CO., LTD. 
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assists the speedy,economical gumm 
production of the popular ee 


= 


“BANTAM 


@c-Alge Stud- Welding 
de , | Specialists... Head Office 
BSA. Cycles Lid. - 27-29, NEW NORTH R® LONDON.N.I. 


STAINLESS STEEL 
Welded 


EQUIPMENT 


HiGH ‘finish’ of containing-surfaces is a 
feature of Butterfield Food Processing 
Equipment; welded joints, too, must be 
polished so that they are as hygienic as 
the remainder. The example shown on 
the right is a stainless steel jacketed 
pressure vessel for processing fats and 
oils. Many leading food manufacturers 


get their equipment from 


W. P.. BUTTERFIELD LTD. SHIPLEY, YORKS. Africa House, Kingsway, LONDON, W.C.2 
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“Wn wow 
Un — 


it's all the same to HANCOCK oxygen cutting machines. 
The accuracy and efficiency of HANCOCK profilers is such that they, and 
they alone, can precision cut these exacting sharp corners and small radius circles. 
There are three standard types of machines in ten different sizes, each with six alternative drives, but special profilers 
are constantly being designed to speed up production in many types of industry. If you have a 


cutting problem, tell us about it—remember Hancoxygen cutting is best. 


HANCOCK & CO. (Engineers) LTD. °*% 


PROGRESS WAY, CROYDON, ENGLAND. Telephone: CROYDON 1908 (PBX). Telegrams: Hanco, Phone Croydon 


' 
. 
i 
i 
2 
2 
: 
: 
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bP” tin, 


Cutting remarks through history... 


The Cave Dweller of the Stone Age was not 
+4 bee) beaten when he had a cutting job to do, 
kK Similarly to-day the Metal Cutter can tackle 

any job if he uses. 


--- Cutting 
blowpipes 


BRITISH INDUSTRIAL GASES LTD. 
Head Office: 32 VICTORIA STREET, LONDON, S.W.1 
Telephone : ABBey 6062/3 and 4 
| Leadon: Eastway, Hackney, London, E.9 Telephone: Amherst 5443/4 
WORKS | Manchester: Richmond Road, Trafford Park, Manchester, |7 Telephone: Trofford Park 1041/2 


Liverpool: aren, Far Speke. Liverpool, 9 Telephone : He: aha yA joe 
‘ Glasgow: Queen Elizabeth Ave., Hillington, Glasgow, $.W.2 Telephone: Halfway 16. 


UP-TO-THE MINUTE DESIGN 


Meano 
BETTER PLANT FOR WELDERS 


THE new range of Quasi-Arc welding 
transformers, designed to give 
whet ciiclont and compact plant, 
is been accepted by the Festival of 
Britain as an example of pleasing 
modern design. 
poms the easy-to-read contro! panels, 
welding operator can select 
po the current recuired at either 
80 or 100 volts open circuit. 
ACP. 300 
Current range—20/300 amps. at 60 
volts, 25/240 arnps. at 100 volts. 
ACP. 300.C 
The popular ACP.300 fitted with in- 
built capacitor. 
ACP. 450 
Current range—$0 450 amps. at 80 volts 
and $5/360 amps. at 100 volts. 
ACP 2/300 
a oe plant ny, 20/300 
amps. on each transfor 80 voits 
and 28/240 arnps. at 100 ve voles fieced 
with alleling switch to couple both 
NEW FOOL PROOF mers for double output. 
CONTROL PANEL 


Control pane! of the ACP.300, The ‘ Quosi-Arc oil cooled welding transformers are made in 
4 Sioa avant ~~ a @ accordance with BS.638/1941—the most stringent Stan- 


or 100 volts open circuit dard in the world for arc welding plant. 


—eeeeeeeeeeeeeeeeeeeeeeEeEeEeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeEeEeEeeeeeeeeeeee="] 
THE QUASI-ARG COMPANY LIMITED BILSTON STAFFORDSHIRE 


MANUFAC TURERS OF ELECTRODES, PLANT AND ACCESSORIES | FOR MANUAL techies AUTOMATIC ARC RC WELDING | 








DACRE 
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PRESSED STEEL 


roughing | 


FOR SHIPS’ BULKHEADS 


ioote'n tea kad’ 


Pressed Steel Troughing is used 
by the leading Shipbuilders in the 
Tyneside and Clydeside areas. 


Large illustreven: TRANSVERSE BULKHEAD IN POSITION, 
EGYPT— Smell illustration: BULKHEADS WITH GIRDERS AND WEBS 
The Port Said Engi ng ATTACHED READY FOR ERECTION. 
Works, Port Seid 


MOTHERWELL BRIDGE & ENGINEERING CO. LTD. 


OFFICE ORKS: Londen Address: @2, VICTORIA STREET, S.W.! 
Telegrams: BRIDGE, MOTHERWELL HEAD neve 29 Telegrams: MOBRICOLIM, SOUWEST, 
Telephone: MOTHERWELL 40, 41, 42 MOTHERWELL Telephone: VICTORIA 4183 
ER SNE RRL COREA AG SA iP EMRE EES 


Ness ea era a EP bie ceili 


OUR LATEST PATTERN 


WELDING & CUTTING 
APPARATUS 


Silbronzeisessentiallyacopper- says 
WILL THE WELDER 
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CATALOGUE ON APPLICATION TO 


THORN & HODDLE LTD., 


Si, VICTORIA STREET, LONDON, S.W.! SUFFOLK IRON FOUNDRY (1920) LTD 
Telephone: VICTORIA 3373 Telegrams: INCANTO, SOWEST, LONDON SIPBRONZE WORKS, STOWMARKET Phone: Stowmarket |83 (3 lines) 


bh 
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IGNITRONS 


—HWiN-SPEED HEAVY-CURRENT ELECTRONK. ~ CONTACTORS” 


A complete range 
for use in Electric 
Resistance Welding Equipment 


~ RATING S LAY ry VoL TS 


DUTY CYCLE | } 

ICNITRONS jiva] Teva | Lava | 
TWO BK &% 

TWO BK 42 000 | oI m2 | 


| TWORK 2 [ito T ie) a5 | oe | 
TWO BK M 2400 | 1976 | 1.100 
Interchangeable with American Ignitrons sizes A.B C.D 
without modification to your equipment. 


BRITISH THOMSON-NHOUSTON 


(OMTas) LIMITER SHCOT EnGtaeD 


Member of the AE! group of companies 


ELECTRIC RESISTANCE WELDING 


ELMET METALS 
in different compositions 
FOR ALL WELDING PROBLEMS 
in Rods, Bars, Dises and Rings 


STANDARD 
SPOT WELDING 
ELECTRODES 
2 
SEAM WELDING 
WHEELS 


* 
UPSETTING DIES 


Further: miormation and cnotations veppled on request 


WELDING sw: 
PRACTICE wo i: sraviev 


Vol. 1. WELDING METHODS & TESTS 
Price 17s. 6d. Ready now 


Vol. 2. WELDING FERROUS METALS 
Price 22s, 6d. 
Vol. 3. WELDING NON-FERROUS METALS 


Price 22s. 6d. 
Set of 3 Volumes, price 55s. 


This book has been prepared to meet the needs 
of engineering students and apprentices, de- 
signers, draughtsmen, works engineers, 
inspectors and foremen in charge of welders. 
It has been regularly used in pamphlet form 
within the organisation of Imperial Chemical 
Industries Ltd. The warmth of its reception 
and its proven usefulness has led to the pamph- 
lets being revised where necessary, brought 
up to date and published in the present form. 


Brochure with full list of contents, post free from 


Butterworths Scientific Publications 
BELL YARD - TEMPLE BAR : LONDON W.C.2. 


INDEXING THE WORLD'S TECHNICAL PRESS 


CLEAVER-HUME 
Technical Article 


FREE ‘SPECIMEN COPY ON REQUEST 


Here is a unique service that provides in per 
manent, indexed form, a monthly survey of 
technical articles culled by experts from more 
than 700 of the world’s scientific, technical, and 
industrial journals. Each article is translated, 
briefly summarised in English, and classified 
decimally. Details are given of illustrations, 
graphs, photographs, bibliographical references, 
etc., and the Index is issued in three Sections of 
broadly related subjects, so as to save time and 
trouble and cater for specialised interests. 


Combined with an efficient Photostat and Translation Service, the Cleaver- 
Hurge Index solves the problem of becoming informed about the ceaseless 
flow of published technical information appearing in all parts of the world, 
and saves valuable man-hours in the sifting of important facts from an ever- 
growing mass of technical data. 


We cordially invite you to examine the Cleaver-Hume Index by sending for 
a specimen copy, free of charge and without obligation. 


Your request for a specimen copy should 
be addressed to: 


CLEAVER-HUME 
pong INDEX H 


S664. 485, OXFORD ST., LONDON, W.!. 
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\ @REEEetrnectenemncreenty 


Pa 


AC MOTOR DRIVEN 
TYPES ADITS 
0300 
40400 


Arc welding electrodes for all purposes 
A.C. & D.C. Welding plant of ail types and capacities 
Welders’ accessories and general supplies for the welding shop 


DIESEL ENGINE DRIVEN 
TYPES ODA 300, ODA 400 


GENERATOR ONLY 
TYPES 0300, D400 


r A.C. ARC WELDING PLANT 


sincte-opeRATOR ARG WELDING TRANSFORMERS 


TYPE CCIS0 TYPE 4350 


Our ¢, ci 
4° avails 
*WVice 
the 
array tion, 
and ; t 
of thes alae 
Chines 


ROCKWELD LTD CROYDON - SURREY rev « 7161 (S LINES) GRAMS: ROCKWELD, PHONE, CROYDON 


ld 
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TYPE S. General purpose arc 
welding electrode holder for 
currents up to 300 amperes. Made 
from special metal combining 
strength with current-carrying 
capacity. The electrode is gripped 
by a crocodile spring grip action 
and released by pressure on a 


} 
lever. The handle is fully in- 2 
sulated to comply with official 

# 





regulations. The lever is fitted 
with a moulded rubber sleeve. 
Weight 32 ozs. Also available in 
aluminium for currents up to 100 
amperes. (Type SA.) 


TYPE P. An excellently balanced 
general purpose arc welding elec- 
trode holder for currents up to 
300 amperes. The electrode is held 
in a crocodile spring grip and is 
released by pressure on the handle, 
which is fully insulated to comply 
with official regulations. Cable is 
connected by a solderless cone 
connector. A moulded rubber 
sleeve gives extra support to the 
cable. Weight 28 ozs. Also avail- 
able in special metal (Type PH) 
for longer life. 






LECTRODE 


TYPE HS500. This all-insulated 
arc welding electrode holder has 
long life jaws, making it specially 
suitable for continuous heavy duty 
work using currents up to 300 
amperes. All parts are replaceable. 
The holder weighs only 24 ozs. and 
is specially balanced for easy 
handling. 


MUREX Sos 


MUREX WELDING PROCESSES LTD — WALTHAM CROSS — HERTS Telephone : Waltham Cross 3636 
AT 
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